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Моя сказка – мир
мчится к пропасти!

Отче, вразуми:
как его спасти?!

Я не милости
и не жалости –

Прошу мудрости!
Хотя б малости. . .

Ю. В. Верюжский

istoriuli da monumentaluri xuroTmoZRvruli Zeglebis, mwvave
avariuli da dazianebuli Senoba-nagebobebis saproeqto-

sakonstruqtoro gadawyvetebis saqmianobasTan dakavSirebuli
riskebis prevenciisa da minimizaciis Tanamedrove gzebi

j. gigineiSvili, n. inwkirveli, g. gedevaniSvili,
n. qavTaraZe, j. fircxalava

reziume: saqarTvelSi mravladaa sxvadasxva daniSnulebis monumentaluri
xuroTmoZRvrebis Zeglebi, romelTa didi nawili moiTxovs gadaudebeli
gamagreba-gaZlierebis, aRdgenis, sareabilitacio da sarestavracio
samuSaoebis Catarebas. bolo wlebSi, aseve momravlda avariuli da
dazianebuli sacxovrebeli da sazogadoebrivi daniSnulebis Senoba-
nagebobebi. avariebis gamomwvev mizezebad ki rogorc wesi saxeldeba:
saZirkvlis qveSa gruntebSi teqnogenuri procesebiT gamowveuli
cvlilebebi, maTi teqnikuri momsaxurebis gaumarTaoba, araswori
sayofacxovrebo saeqspluatacio pirobebi da sxva. aseT SemTxvevaSi
avariuli Senoba-nageboba ganixileba, rogorc rTuli teqnikuri sistema,
romelmac ganicada deformaciebi da ngrevebi, mzid elementebSi
warmoSobilia bzarebi, xSirad amortizebuli da faqtobrivad
degradirebulia mzidi konstruqciebis Semadgeneli masalebi da sxva
faqtorebi.

naSromSi warmoCenilia, rogorc istoriuli Zaglebis, aseve sxva
Senoba-nagebobebis teqnikuri kvlevis, maTi daZabul-deformirebuli
mdgomareobis srulfasovani da yovelmxvrivi analizis safuZvelze
aRdgena-reabilitaciis gzebi da xerxebi Tanamedrove masalebis
gamoyenebiT.
sakvanZo sityvebi: avariuli da dazianebuli Senoba-nagebobebi, istoriul-
kulturuli xuroTmoZRvrebis Zeglebi, kompiuteruli modelireba da
gaangariSeba, konstruqciaTa daZabul-deformirebuli mdgomareoba,
riskebis prevencia, minimizacia, Tanamedrove masalebi, aRdgena, gamagreba-
gaZliereba, reabilitacia, restavracia.

1. Sesavali
dRevandeli gadmosaxedidan arqiteqturul-samSeneblo saqmianobasTan

dakavSirebuli samecniero da saproeqto saqmianoba warmoadgens rTul
process, romelic moiTxovs Rrma  codnas da pirdapir kavSirSia mTel rig
Teoriul da fundamentur mecnierebis safuZvlebTan. rac Seexeba uSualod
dazianebul Senoba-nagebobaTa konstruqciebis gamagreba-gaZlierebisa da maTi
aRdgena-reabilitaciisaTvis saWiro proeqtirebis process, Tanamedrove
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moTxovnebis Sesabamisad, igi SesaZloa moicavdes samSeneblo obieqtebis
sasicocxlo ciklis etapebs: proeqtireba, mSenebloba, eqspluatacia da
degradacia.

(aqve gvsurs aRvniSnoT, rom saukuneebis manZilze qarTveli mSenebelebis
mier Seqmnili mravali arqiteqturuli Zegli dRemde imsaxurebs sxvadasxva
qveynebis specialistTa gansakuTrebul yuradRebas, magram samwuxarod maTi
didi nawili dReisaTvis mwvave avariul stadiaSia da saWiroebs gadaudebeli
aRdgena-reabilitaciis samuSaoebis Catarebas).

aRdgena-reabilitaciisa da gamagreba-gaZlierebis SemTxveva, ganixileba,
rogorc arqiteqturuli Zeglis an arsebuli Senoba-nagebobis ZiriTadi
ConCxedisa da misi iersaxis SenarCunebis procesi, romelic amave dros
gulisxmobs Senoba-nagebobis mdgradobisa da medegobis SenarCunebas an
gaumjobesebas, samSeneblo normebiT gaTvaliswinebul zemoqmedebaze -
Tanamedrove masalebisa da samSeneblo teqnikis gamoyenebiT. (laT. - restauratio -
aRdgena-restavrireba) aRiqmeba, rogorc arqiteqturuli nawarmoebis aRdgena-
restavracia im pirvandeli mdgomareobis Sesabamisad, rogorc sawyis etapze
iyo ganxorcielebuli da garkveuli periodis Semdeg (sxvadasxva mizezTa
gamo) dakarga pirvandeli saxe.

Senoba-nagebobebis restavracia rTuli procesia, romelic moiTxovs
sxvadasxva dargis specialistebis: geologebis, arqeologebis, arqiteqtor-
restavratorebis, konstruqtorebis, istorikos-xelovnebaTmcodneebis,
teqnologebis, inJiner-mSeneblebisa da sxvaTa Zalisxmevas saxelmwifo
struqturebis TanadgomiT.

statiis avtorebis mier SerCeul iqna ramdenime gamagreba-gaZlierebis
saproeqto  gadawyveta, romlebSic aisaxa mTeli is procesi rac Tan axlavs
aRniSnul samuSaTa Sesrulebas, romlebic aRwerili  da ganxilulia qvemoT
mocemul masalebSi.

2. ZiriTadi nawili
q. TbilisSi, pekinis q. #2-Si mdebareobs e.w. „akademikosebis saxli“,

romelic daproeqtebulia jer kidev 1940-iani wlebis bolos, mSenebloba ki
mimdinareobda 1950-ani wlebis dasawyisSi da igi warmoadgens adgilobrivi
mniSvnelobis arqiteqturul  Zegls.

sacxovrebeli saxli 8 sarTuliania, sardafiT, erT sadarbazoiani.

Senoba sworxazovani moxazulobisaa, maqsimaluri zomebiT gegmaSi 17.60X15.20m.,
Senobis simaRle H=35.50m., sarTulebis simaRle: HsarT.=6.55+(4.00X7)m;
Hsardaf.=2.80m.

Senoba CarCo-kavSirebiani sistemisaa, ganxorcielebuli, nawilobriv
monoliTuri da nawilobriv asawyobi rkina-betonis konstruqciebis
gamoyenebiT. nageboba avariulia mas Semdeg,  rac moxda fuZe gruntis
intensiuri gawylianeba, ramac  gamoiwvia  fuZe-saZirkvlebisa da Senobis
araTanabari jdenis procesebi. aqve unda aRiniSnos, rom Senobis saZirkvlebi
nawilobriv wertilovania, nawilobriv ki lenturi da isini mxolod
saZirkvlis koWiTaa erTmaneTTan dakavSirebuli. msgavsi saZirkvlebi, rogorc
wesi, gansakuTrebiT mgrZnobiarea fuZis mzidunarianobis Semcirebis mimarT -
filis an urTierT gadamkveT koWebTan SedarebiT, sadac fuZis erTi nawilis
mzidunarianobis Semcireba iwvevs Zabvebis gadanawilebas saZirkvlis mTel
farTobze da mis araTanabar jdenasa da mobrunebas, rasac rogorc wesi
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moyveba simtkicis zRvarze myofi  svetebisa da sxva mzidi konstruqciebis
gadaZabva da msxvreva.

Senobis deformaciis gamomwvevi mizezebi da Sedegebi:
_ zedapiruli an teqnogenuri wylebis zemoqmedeba iwvevs samSeneblo ubnis

calkeul adgilebSi fuZe-gruntebis dasvelebas, ris Sedegadაც xdeba gruntis
fiziko-meqanikuri Tvisebebis gauareseba da maTi mzidunarianobis Sesusteba.

Tanaxmad, wina periodSi Catarebuli kvlevebisa, Senobaze sawyisi
deformaciebi (1972 weli) da maTi mcire intensivobiT progresireba
aRniSnulia saxelmwifo saproeqto institut “saqqalaqmSensaxproeqti”-is
(q.Tbilisi. 1972w.) da samecniero-saproeqto samSeneblo firma “darbazni”-is
(q.Tbilisi. 1992w.) mier Sesrulebul sainJinro-geologiuri kvlevis masalebsa
da daskvnebSi. Senobis mier miRebuli deformaciebi naTlad Cans misi fasadis
2014 wlis arsebuli mdgomareobis fotosuraTebze, ixile sur. 1.

sur. 1.  Senobis  teqnikuri mdgomareobis  amsaxveli fragmentis
suraTebi 2014 wlis  mdgomareobis mixedviT.

2013 wlis agvistos TveSi ss “saqqalaqmSenproeqti”-is mier
ganxorcielebul iqna damatebiTi kvlevebi, romlis mixedviTac dazustda
aRniSnuli Senobis saZirkvlis konstruqciebis gabarituli zomebis
gavrcelebis areali, CaRrmaveba da mis qveS ganlagebuli gruntebis
monacemebi.

saamSeneblo normebiT gaTvaliswinebuli Senoba-nagebobis
eqspluataciisaTvis saWiro RonisZiebebi:
_ Senobis gamagreba-gaZlierebis konstruqciuli RonisZiebebis dasaxva;
_ Senobis dasavleTidan Semomavali da mis irgvliv arsebuli miwis qveSa

komunikaciebis dadgena da dazianebebis SekeTeba, rac gamoricxavs Senobis
fuZis gruntebis damatebiT gawylianebas da gamorecxvas.

_ gamoiricxos atmosferuli wylebis CaJonva saZirkvlebSi - Senobis
konturis farglebSi.

_ ganxorcieldes (Seobis konturis farglebSi) Senobis gadasma-dafuZneba
fuZeukumSvad qanebze (seismuri TvisebebiT I kategoriis qanebi) gobiseburi
filisa da naburR-ineqcirebuli ximinjebis gamoyenebiT.
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imasTan dakavSirebiT, rom dRes saqarTveloSi moqmedi seismuri
samSeneblo normebis mixedviT q. Tbilisi 8 balian seismur zonas miekuTvneba,
xolo, Senoba ki aSenebulia im dros, roca q. Tbilisi 7 balian seismur
zonas ekuTvnoda. faqtobrivad Senoba seismomedegi mSeneblobis normebis
dRevandel moTxovnebs ver akmayofilebs.

naburR-ineqcirebuli ximinjebi  gamoirCeva mcire diametriT (d=120-150mm)
da didi moqnilobiT (L/d=80-120).

fuZeukumSvad qanebSi Senobis dafuZnebis SemoTavazebuli meTodi
SenobaTa seismomedegobas aumjobesebs, vinaidan fuZeukumSvadi qanebi seismuri
Tvisebebis mixedviT I kategorias miekuTvneba da am meTodiT gaZlierebuli
SenobisaTvis mosalodneli saangariSo seismuri datvirTva ukve
katastroful safrTxes ar warmoadgens (qveyanaSi moqmedi seismuri normebis
mixedviT samSeneblo teritoriis balianoba aseTi fuZis SemTxvevaSi mcirdeba
erTi baliT), maSin, roca sxva, gauZlierebelma an arasakmarisad
gaZlierebulma Senobebma SesaZlebelia mniSvnelovani dazianebebi miiRos.

fuZeukumSvad qanebze Senobis Caankereba mcire diametris Ø120-150mm,
naburR-ineqcirebuli ximinjebisa da gobiseburi filis gamoyenebiT,
miwisZvris dros SeiZleba ganvixiloT, rogorc aqtiuri seismodamcavi
sistema, vinaidan, msgavsi konstruqciuli gadawyveta Senobaze seismuri
zemoqmedebis SemTxvevaSi SeiZleba CaiTvalos energiis efeqtur gambnev
sistemad.

naburR-ineqcirebuli ximinjebis gaangariSeba simtkiceze unda
akmayofilebdes samSeneblo normebisa da wesebis moTxovnebs /1,2,3,13,16/, xolo
CaRunvis gavlena ximinjis gaswvriv moqmedi Zalebis gansazRvrisaTvis ki
gamoisaxeba Semdegi formulis mixedviT:

sadac: N - ximinjis gaswvriv moqmedi Zalis mniSvnelobaa;
Nkp - ximinjis gaswvriv moqmedi kritikuli Zalis mniSvneloba, romelic

miiReba gaangariSebaTa safuZvelze da SesabamisobaSi unda iyos samSeneblo
normebisa da wesebis moTxovnebTan.

Senobis sivrculi kompiuteruli modelireba da gaangariSebani
Catarebul iqna kompiuteruli programuli kompleqsis “ЛИРА САПР -2014”-is
gamoyenebiT. ixile foto suraTebi.

sur. 2. Senobis saangariSo kompiuteruli sur. 3. kompiuteruli   modelis
modeli  naburR-ineqcirebuli ximinjebiT. fragmenti.
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sur. 4.  Senobis  gaangariSebaTa  safuZvelze miRebuli deformaciebi da maTi
mniSvnelobani

aqedan gamomdinare fuZe ukumSvad gruntze dafuZnebuli karkasul-kavSirebiani,
SedarebiT  moqnili  Senoba,  maqsimalurad Sordeba saSiS  zonas da
minimumamde mcirdeba rezonansuli movlenis albaToba, rac saboloo jamSi,
mniSvnelovnad aumjobesebs Senobis seismomedegobas.

magaliTi 2. q. TbilisSi, 2016wlis ivnisSi, gldanis VI m/raionis #2

sacxovrebeli saxlis me-5-e sarTulze bunebrivi airis afeTqebis Sedegad
moxda Senobis mzidi konstruqciuli elementebis ngreva, ris Sedegadac
daiRupa 7 macxovrebeli. afeTqebis talRam gamoiwvia Senobis me-5-e da me-6-e
sarTulebis gadaxurvis filebis sruli Camongreva, me-4-e sarTulis gadaxurva
ki daingra zeda sarTulebis nangrevebis masis zemoqmedebiT. ixile foto
suraTebi: foto 5-9. sacxovrebeli Senoba daproeqtebuli iyo gasuli saukunis
70-ian wlebis bolos, im periodSi moqmedi samSeneblo normebis Sesabamisad.
Senoba 9 sarTuliania, 4 sadarbazoTi da sardafis sarTuliT. sardafis
sarTulis simaRle 2.9m, tipiuri sarTulis simaRle 2.9m, sxveni 0.9m. Senoba
gegmaSi marTkuTxedis formisaa, maqsimaluri zomebiT RerZebSi 56.8X11.62m.
maqsimaluri mali 5.8m.

amave Senobis gamagreba-gaZlierebis samuSaoebis saproeqto
dokumentaciis damuSaveba gaTvaliswinebul iqna 3 etapad, maT Soris:

I etapi _ Senobis dazianebuli ubnebis kvleviTi samuSaoebi da
gamagreba-gaZlierebis samuSaoebis winmswreb-damzRvevi RonisZiebebis

saproeqto dokumentaciis damuSaveba.
II etapi _ Senobis dazianebuli ubnebis gamagreba-gaZlierebis

samuSaoebis saproeqto dokumentaciis damuSaveba.
III etapi _ dazianebuli sacxovrebeli binebis aRdgeniTi da

saremonto samuSaobis saproeqto dokumentaciis damuSaveba.
sacxovrebeli korpusis dazianebuli ubnebis gamagreba-gaZlierebis

samuSaoebis winmswrebad Sesrulebul iqna Senobis kompiuteruli modeli
da ganxorcielda variantebis gaangariSeba. gaangariSebani Sesrulebul
iqna 2 ZiriTad variantad:

_ varianti I-Si gaTvaliswinebulia bunebrivi airis afeTqebis
Sedegad dazianebuli Senobis mzidi konstruqciuli elementebis
mdgomareoba.
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_ varianti II-Si gaTvaliswinebulia afeTqebis Sedegad dazianebuli
Senobis mzidi konstruqciuli elementebis gamagreba-gaZlierebuli
mdgomareoba.

garda zemoT aRniSnuli sarTulebisa, Senobis qveda da zeda mzid
konstruqciebSi (kedlebi, gadaxurvis filebi da sxva) ar warmoqmnila
deformaciebi da bzarebi, rac imis maniSnebelia, rom am nawilSi Senobis
mzidi elementebi muSaoben wrfiv stadiaSi rogorc  erTiani mzidi
konstruqciuli sistema. aqedan gamomdinare, Sedgenili iqna Senobis
sivrculi, kompiuteruli saangariSo modeli, sadac srulad iqna
gaTvaliswinebuli da asaxuli Senobis rogorc Tavdapirveli samuSao
situacia aseve avariul nawilSi ganviTarebuli deformaciebi, ngrevebis
dinamika da dazianebebi.

mTavari fasadisa sarTulSua gadaxurvis mzidi konstruqciebis
mdgomareoba afeTqebis Semdeg, mocemulia fotoze.

sur. 5. bunebrivi airis afeTqebis Sedegad dazianebuli #2 sacxovrebeli
korpusis  IV sadarbazos  me-4, 5, 6, sarTulebis mdgomareoba

samuSao procesSi ver moviZieT kvanZebis detaluri konstruqciuli
gadawyvetebis naxazebi, Tumca, Senoba miekuTvneba msxvilpaneliani Senobebis q.
TbilisSi gavrcelebul saxeobas, sadac panelebi  erTmaneTTan
dakavSirebulia Casatanebeli detalebis urTierT SeduRebiT. gare panelebi
sisqiT 300mm-ia da pemza betonzea damzadebuli. Sida panelebi ki sisqiT 140mm
mZime betonisagan aris damzadebuli. Senobis yvela elementis Camosxma da
avtoklavuri damuSaveba xdeboda qarxanaSi. mza nawarmi, samSeneblo obieqts
avtotransportiT miewodeboda da xdeboda maTi adgilze montaJi, amdenad,
konstruqciebi gaangariSebuli iyo yvela am procesis gaTvaliswinebiT.
sakedle panelebi armirebulia AIII klasis  armaturis badeebiT.
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foto 6. Senobis avariuli blokis sivrculi kompiuteruli modeli arsebuli
mdgomareobis mixedviT (afeTqebis Semdeg)

foto 7. Senobis avariuli blokis sivrculi kompiuteruli modelis fasadis
fragmenti

foto 8. IV, V da VI sarTulebis gadaxurvis filis modeli, liftisa da kibis
ujrediTa da RiobebiT, romelic Seiqmna afeTqebis Sedegad.
gadaxurvis filebSi  savaraudid gamoyenebulia  M200-250  markis

betoni, filebi armirebulia  mxolod qveda zonaSi AIII klasis d12 armaturis
ReroebiT - bijiT 200mm, fila konturze  Tavisufladaa dayrdnobili,
gadaxurvis panelebi erTmaneTTan dakavSirebulia Casatanebeli detalebis
urTierT SeduRebiT, (SeerTebis kvanZebis detaluri naxazebi ver iqna
moZiebuli), filis sisqe 120mm.

Senoba eyrdnoba  rkina-betonis monoliTur saZirkvlis filas h=400mm,
fuZe-gruntad gamoyenebulia Ria yavisferi Tixovani grunti, Znelplastiuri
konsistenciis, karbonatuli da TabaSiriani, srulad wyalgajerebuli,
Tixovani gruntis simZlavre 5-6 metria da Semofenilia maikopis wyebis
ZiriTadi qaniT-fiqalebrivi TixebiT. geologiuri daskvnis mixedviT
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saZirkvelze deformaciis kvali da sxva defeqtebi ar SeimCneva da
damakmayofilebel pirobebSia.

saqarTvelos tertoriis seismiuri daraionebisa da sainJinro
geologiuri kvlevebis  mixedviT samSeneblo moedani mdebareobs 8 baliani
seismiuri saSiSroebis zonaSi. SK64 skalis  mixedviT (A=0.17). vinaidan Senoba
agebulia gasuli saukunis meore naxevarSi maSin moqmedi samSeneblo normebis
Sesabamisad, angariSi Sesrulda 7 balian seismiuri saSiSroebis
gaTvaliswinebiT.

samSeneblo moedanze  qaris normatiuli datvirTva Seadgens 85 kgZ/m2, (15
wliani ganmeoradobis periodiT), Tovlis  normatiuli datvirTva 50 kgZ/m2,
(14 dRe - Tovlis safaris dReTa ricxvi).

Senobis da misi konstruqciuli elementebis rogorc erTiani sivrciTi
sistemis gaangariSeba  kompiuterul modelSi Sesrulda statikur da
dinamikur (seismur) zemoqmedebaze serTificirebuli da licenzirebuli
kompiuteruli saangariSo kompleqsis ”ЛИРА САПР 2014”-is  gamoyenebiT
(Sesyidvis salincezio  nomeri 716016381) da Semdegi datvirTvebis
gaTvaliswinebiT:
statikuri datvirTvebi; saangariSo  modelSi warmodgenilia 3 datvirTvis
saxiT.

1) mudmivi - konstruqciuli elementebis sakuTari wonebi + iatakis sendviCis
wona.

2) droebiTi sangrZlivi - Sida tixrebis wonebi.
3) droebiTi xanmokle:
a) droebiTi sasargeblo datvirTvebi СНиП 2.01.07-85 "НАГРУЗКИ И

ВОЗДЕИСТВИА"  cxrili 3 mixedviT.
b) Tovlis datvirTva.
seismiuri zemoqmedeba saangariSo modelSi warmodgenilia 3
erTmaneTisagan damoukidebeli datvirTvebis saxiT:

1) seismiuri zemoqmedeba "X" RerZis gaswvriv.
2) seismiuri zemoqmedeba "Y" RerZis gaswvriv.

3) seismiuri zemoqmedeba (45˚) "X Y" RerZis gaswvriv.
kompiuterul saangariSo modelSi, Senobis mzid konstruqciebSi ZalvaTa

Tanwyobisas  gaTvaliswinebuli iqna  Semdegi kombinaciebi;
a) ZiriTadi Tanwyoba:

1. mudmivi  + dr xangrZlivi.

2. mudmivi  + dr xanmokle.

3. mudmivi  + 0.95 dr xangrZlivi  +0.9 dr xanmokle.
b)  gansakuTrebuli Tanwyoba.

0.9 mudmivi  + 0.8 dr xangrZlivi  + 0.5 dr  xanmokle  + erT-erTi seismiuri
zemoqmedeba.

kompiuteruli modelis Sedgenisa da angariSebis warmoebisas gamoyenebul

iqna saqarTveloSi moqmedi samSeneblo normebi /1,2,3, 15-19/ da aseve sxva damxmare
samecniero teqnikuri daniSnulebis literatura /4-14/.

samSeneblo da saproeqto saqmianobaSi arsebul samuSaoTa moculobebisa da
maTi raodenobrivi statistikis mixedviT Tu vimsjelebT, SeiZleba davaskvnaT, rom
xuroTmoZRvruli Zeglebisa da Senoba-nagebobaTa gamagreba-gaZlierebis
samuSaoebis ricxvis raodenoba ganuxrelad matulobs, rogorc industrialurad
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ganviTarebul saxelmwifoebSi aseve saqarTveloSic. aqedan gamomdinare,
saremonto, aRdgeniTi da gamagreba-gaZlierebis samuSaoebis zrdam da amave dros
iman, rom aseTi samuSaoebi erTis mxvriv moiTxovs arqiteqtor-restavratorebisa
da konstruqtorebis gansakuTrebul codnas, xolo meores mxriv ki samuSaoTa
warmoeba  rogorc wesi dakavSirebulia did xarjebTan, dRis wesrigSi dadga
axali Tanamedrove teqnologiebisa da maTi Sesabamisi Tanamedrove samSeneblo
masalebis gamoyenebis sakiTxebi, romelTa ganviTarebisa da farTomasStaburi
gamoyenebis (danergvis) erT-erT aseT Tanamedrove mimarTulebas warmoadgens
polimeruli kompoziciuri masalebi.

Cven mier Sedarebis mizniT moyvanilia magaliTi, romelSic
ilustrirebulia q. TbilisSi arsebuli da dazianebuli gadaxurvis
konstruqciebis aRdgena-reabilitaciisa da gamagreba gaZlierebis tradiciuli da
Tanamedrove teqnologiebi da masalebi. qvemoT warmodgenilia gadaxurvis
konstruqciebis gamagreba-gaZlierebis tradiciuli xerxi, romlis mixedviTac
gamagreba-gaZlierebis samuSaoebis Catareba ganzraxulia tradiciuli meTodebiT,
sadac rkinabetonis konstruqciebis gamagreba-gaZliereba xorcieldeba maTze
damatebiTi liTonis elementebis mierTebebiT, mzid konstruqciaTa samuSao kveTis
gazrdiT da aseve geometriuli da saangariSo sqemis Secvlis gziT. aqve
moyvanilia igive gadaxurvis konstruqciebis axali da Tanamedrove meTodebiT
maTi gamagreba-gaZlierebis saproeqto-sakonstruqtoro gadawyvetebi:

sur. 9. tradiciuli meTodebiT

sur. 10. kompoziciuri polimeruli masalebiT
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tradiciuli meTodebiTa da Tanamedrove kompoziciuri polimeruli
masalebiT gamagreba-gaZlierebis SedarebiTi analizis safuZvelze irkveva Semdegi:
1. tradiciul meTodebs, miuxedavadi imisa, rom maT axasiaTebT mniSvnelovani
dadebiTi Tvisebebi, aseve, gaaCniaT mTeli rigi uaryofiTi mxareebi, romelTac
SeiZleba mivakuTvnoT: konstruqciis maRali kuTri wona (Cvens konkretul
SemTxvevaSi 18 tona liTonis profilis elementebi da liTonis furceli),
mniSvnelovnad Sromatevadi samuSaoebi, maTi montaJisa da mowyobisaTvis saWiro
specialuri danadgarebi (SeduReba, xexva, SeRebva da sxva), praqtikulad xSirad
SuZlebelia an Zalian rTuldeba araswori zedapirebis SeerTeba maTi gamagreba-
gaZlierebis mizniT, samuSaoTa warmoebis didi dro da sxv. 2. konstruqciebis
kompoziciuri polimeruli masalebiT gamagreba-gaZlierebis SemTxvevaSi mis
gansakuTrebul upiratesobas warmoadgens is, rom mas gaaCnia gacilebiT maRali
simtkice gaWimvaze, aqvs mcire wona, ar eSinia agresiuli gremosa da koroziis,
SesaZloa ganxorcieldes nebismieri geometriuli formis konstruqciuli
elementis gamagreba-gaZliereba da aS.

qvemoT, suraTebze 11, 12 da 13 mocemulia q. TbilisSi arsebuli #1-li
Rvinis qarxnis liTonis konstruqciebis arsebuli mdgomareoba. Senoba aSenebulia
1894wels, rusi arqiteqtoris aleqsandre ozerovis mier. 2015w oficialurad
Sedgenili daskvnebis mixedviT, konstruqciebis mdgomareoba safrTxis Semcvelia
da mcire seismuri zemoqmedebis SemTxvevaSic ki mosalodnelia savalalo
Sedegebi. winaswari gaTvlebisa da SedarebiTi analizis safuZvelze ki
tradiciuli meTodebis gamoyenebis nacvlad gacilebiT efeqturi xdeba nagebobis
gamagreba-gaZliereba Tanamedrove kompoziciuri polimeruli masalebiT.

suraTebi: 11, 12 da 13. q. TbilisSi arsebuli #1-li Rvinis qarxnis sardafis
gadaxurvis konstruqciebi. suraTebze naTlad Cans korozirebuli liTonis elementebis
mdgomareoba (Zlier korozirebulia liTonis ortesebri elementebi).

3. daskvna
dReisaTvis saqarTvelos  teritoriaze, gansakuTrebiT ki TbilisSi aris

suraTebi: 14, 15 da 16. q. sofiaSi arsebuli monumentaluri xuroTmoZRvrebis
Zeglebi, romelTa gamagreba-gaZliereba ganxorcielda Tanamedrove da inovaciuri

teqnologiebis gamoyenebiT ukve mravali wlis win da dRemde warmatebiT funqcionirebs.
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mravali avariuli, mwvave avariuli  da dazianebuli Senoba-nagebobani, romelTa
gamagreba-gaZliereba aucilebelia, maT Soris ki gansakuTrebuli yuradRebis
Rirsia: istoriuli monumentaluri da xuroTmoZRvruli Zeglebi, saavadmyofoebi,
skolebi, sacxovrebeli saxlebi, Teatrebi da sxva. romelTa aRdgena-
reabilitaciisa da gamagreba-gaZlierebisaTvis mizanSewonilia, danergil iqnas
Tanamedrove da inovaciuri teqnologiebi.

fuZeukumSvad qanebze avariuli Senobis dafuZneba ki sxvadasxva tipis
ximinjebiT, faqtobrivad  gamoricxavs maT araTanabar jdenas, aumjobesebs
Senobis dafuZnebis pirobebsa da seismomedegobas, mniSvnelovnad zrdis Senobis
mdgradobas, aseve  sxva zemoqmedebebis mimarT.

msoflios mraval qveyanaSi intensiurad inergeba avariul Senoba-nagebobaTa
gamagreba-gaZlierebis Tanamedrove xerxebi kompoziciuri masalebisa da
specialuri weboebis gamoyenebiT, romelTa aTviseba da danergva  ramdenadme
Seferxda saqarTveloSi.  dReisaTvis, Sps „progresi“-is ZalisxmeviT ukve
damuSavebulia ramdenime proeqti, sadac gamoyenebulia kompoziciuri masalebi,
romlebic  SeTanxmebulia damkveTTan da misi ganxorcieleba mxolod drois
faqtoria.

Cven mier Catarebuli avariuli Senoba-nagebobebis kompiuteruli
modelirebis, specialuri gaTvlebisa da maTi Semadgeneli konstruqciebis
daZabul-deformirebuli mdgomareobis analizis safuZvelze  dadgenil iqna, rom
zemoT aRwerili  avariuli Senoba-nagebobani eqvemdebareboda gamagreba-
gaZlierebas.

Senoba-nagebobebze avariebis, dazianebebisa da  katastrofebis Semcireba
mizanSewonilia ganxorcieldes maTi gamagreba-gaZlierebisa da amave dros
seismomedegobis amaRlebis gziT, magram, seismomedegobis amaRlebis saWiroeba
unda Sefasdes ara marto vizualuri  daTvalierebis safuZvelze, aramed, maTi
detaluri instrumentaluri Seswavlis, gamagreba-gaZlierebas daqvemdebarebuli
Senobebisa da misi konstruqciebis kompiuteruli modelisa da maT gaangariSebaTa
Sedegebis analizis  safuZvelze.

iseT industrialurad ganviTarebul saxelmwifoebSi rogorebicaa: iaponia,
CineTi, amerika da sxva, xorcieldeba inovaciuri  samecniero-teqnikuri da
teqnologiuri  siaxleebis   finansireba  saxelmwifos mxardaWeriT, ris mwvave
deficitsac dReisaTvis ganicdian saqarTvelos  samecniero-teqnikuri dargis
warmomadgenlebi. qveynis ekonomika da misi inteleqtualuri potenciali
mniSvnelovnad dakninebis saSiSroebis winaSe dadgeba, Tu  uaxloes droSi ver
naxavs jerovan mxardaWeras saxelmwifos mxridan.
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betoni modificirebul TabaSirSemkvrelebze
d. gurgeniZe, a. Ciqovani

(saqarTvelos teqnikuri universiteti, m. kostavas 77,
0175, Tbilisi, saqarTvelo)

reziume: miRebulia TabaSircement-pucolanuri Semkvreli, romelsac aqvs
didi simtkice da maRali (80...90%) wyalmedegoba. aseve
damuSavebulia kompoziciuri TabaSirovani Semkvreli,
portlandcementis, aqtiuri mineraluri komponentis,
superplastifikatoris da mikrokaJmiwa danamatebiT. es
Semkvreli 1,2...1,5-jer mtkicea TabaSircemet-pucolanur
Semkvrelze da kidev ufro wyalmedegia.

sakvanZo sityvebi: modificirebuli Semkvreli, anhidriduli cementi,
eqstriq-TabaSiri, kompoziciuri Semkvreli, ekologiuri,
higienuri, koroziis inhibitori, hidrofobizacia,
baqteriociduri.

1. Sesavali
mSeneblobaSi gamoyenebuli TabaSirbetoni mzaddeba haeruli

gamagrebis TabaSirovani Semkvrelebis safuZvelze, rogoricaa: samSeneblo
da maRali simtkicis TabaSiri, anhidriduli cementi, anhidriduli
Semkvreli, eqstriq-TabaSiri, bunebrivi anhidridi.

TabaSirbetonis maxasiaTebelia higienuroba, SedarebiT naklebi
simkvrive, maRali Tbo- da bgeraizolacia, cecxlmedegoba, arqiteqturuli
gamomsaxveloba, maRali teqnikur-ekonomikuri maCveneblebi.

TabaSirovani Semkvreli aris ekologiurad sufTa, mzaddeba SedarebiT
martivi energodamzogi teqnologiiT da farTod gamoiyeneba mSeneblobaSi.

2. ZiriTadi nawili
TabaSirbetonisaTvis msxvili Semvsebi SeirCeva Semdegi maCveneblebiT:

maqsimaluri simsxo da marcvlovani Semadgenloba; Tixovani da mtvrovani
nawilakebis, mavne minarevebis Semcveloba; marcvlebis forma; simtkice;
susti qanebis marcvlebis Semcveloba; petrografiuli Semadgenloba da
radiaciul-higienuri daxasiaTeba.

betonis Sedgenilobis SerCevis dros, aseve unda gaviTvaliswinoT
Sevsebis simkvrive, forianoba, carieloba da wyalSTanTqma. Semvsebis
udidesi simsxo miTiTebulia standartebSi, teqnikur pirobebSi an
konstruqciis samuSao naxazebSi.

wvrili Semvsebi – bunebrivi qviSebi da mTis qanebis namsxvrevis
ganaceri, aseve maTi narevi. qviSebs arCeven marclovani Sedgenilobis
mixedviT, Tixovani da mtvrovani nawilakebis Semcvelobis, petrografiuli
Semadgenlobis da radiaciul-higienuri maxasiaTeblebiT.

msubuqi betonis Semvsebebi SeiZleba davyoT: keramzitis xreSi da
RorRi, agloporitis xreSi da RorRi, Sungizitis xreSi, pemzis RorRi,
keramzitis da Suntizitis qviSa, agloporitis qviSa.
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bunebrivi foriani Semvsebebi marcvlebis zomebis mixedviT iyofian
fraqciebad, mm: 5...10; 5...20; 5...40; 10...20; 20...40.

RorRis nayari simkvrivea 300...1200, qviSis 500...1500 kg/m3.
TabaSirbetonis organuli Semvsebebia xis gadamuSavebis narCeni da

mcenareuli nedleuli: merqnis naxerxi, burbuSela (fibra), Cala (nakepi),
lafanis tkeCi, lelqaSis boWko da a.S.

merqnis Semvsebis nayari simkvrive sahaero-mSral mdgomareobaSi
merqnis jiSis, nawilakebis zomisa da fraqciuli Semadgenlobis mixedviT
imyofeba 150...250 kg/m3 farglebSi. merqnis naxerxis zomebia 2...5 mm, tenianoba
ki ar unda aRematebodes 20%-s.

qimiuri danamatebi iyofa:

 TabaSirbetonis narevis maregulireblebi (plastifikatorebi,
haerCamTrevebi, Sekvris vadebis maregulireblebi da sxv.);

 simtkicis, koroziamedegobis, yinvamedegobisa da sxva Tvisebebis
asamaRleblebi (haerCamTrevebi, foladis koroziis inhibitorebi da sxv.);

 TabaSirbetonisaTvis specialuri Tvisebebis mimniWebeli
(hidrofobizaciuri, baqteriociduri da sxv.).

saWiro simtkicis TabaSirbetonis Sedgenilobis gaangariSeba
Cveulebriv mkvriv Semvsebze da gamoyenebuli Semkvrelis mixedviT SeiZleba
Sesruldes formulebiT:

 samSeneblo TabaSiris gamoyenebis dros













5,0

5,0

wT

wT
b


KAR ;

   AKR
A

5,05 


wT
Tw

b
,

  
A

AKR 5,05 


wTw
T b

.

maRali simtkicis TabaSiris gamoyenebis dros













5,0

5,0

wT

wT
b KAR ;

   AKR
A

5,05 


wT
Tw

b

,

  
A

AKR 5,05


wTw
T b ,

sadac bR mudmiv masamde gamomSrali nimuSebis kumSvis simtkicea, mgpa; A _

masStabis koeficienti, damokidebuli betonis saxeobaze, miiReba cxr. 1-is
mixedviT; A _ Semkvrelis aqtiuroba, mgpa; w/T da T/w – TabaSirbetonis

narevis wyalTabaSiris da TabaSirwylis fardobaa;  _ TabaSiris Semkvrelis
dafqvis siwmindis koeficientia, samSeneblo TabaSirisaTvis igi 1,3-is

tolia;  wT TabaSiris Semkvrelis normaluri sisqelis Sebrunebuli

sididea; w – wylis xarji, l/m3, miiReba cxr. 1-is mixedviT.
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K masStabis koeficienti cxrili 1
nimuSi kubikebi wibos

zomiT, sm
betonis saxeoba

mZime msubuqi
7,07 1,0 0,70
10 0,90 0,65
15 0,80 0,55
20 0,75 0,50

SeniSvna: merqnis naxerxis gamoyenebis dros K =0,50.

TabaSiris comis absoluturi moculoba litrebSi, ganisazRvreba

formuliT   wTT.c.  V ,

sadac T TabaSiris xarjia TabaSirbetonis narevSi, kg/m3;  _ TabaSiris
simkvrive, kg/l; w – wylis xarji, l/m3 miiReba cxr. 2-is mixedviT

Semvsebis absoluturi moculoba litrebSi, iangariSeba formuliT

T.c.Sem. VV 1000 .

wylis samagaliTo xarji, kg/m3, TabaSirbetonis narevSi cxrili 2

TabaSirovani Semkvreli
Semvsebi

mkvrivi foriani
wmindad dafquli

danamati
maRali simtkicis TabaSiri 250 320 300
samSeneblo TabaSiri 300 410 400

SeniSvna: xist narevSi wylis xarji mcirdeba 10...15%-iT; sxmulSi – izrdeba 1...20%-
iT.

amis Semdeg vadgenT Sekvris Semayovneblis saxeobas da raodenobas,
vangariSobT sasinji narevebisaTvis saWiro masalebis xarjs, vamzadebT da
vcdiT nimuSebs. vsazRvravT da vazustebT 1 m3 betonisaTvis saWiro
masalebis xarjs, SerCeuli da koreqtirebuli sacdeli nimuSebisaTvis.
amisaTvis vangariSobT betonis narevis faqtiur moculobas litrebSi,

sacdel narevSi: b.nar,f mV  ,

sadac m sasinj narevze daxarjuli masalebis masebis jamia, kg;

b.nar, betonis narevis saSualo simkvrivea, kg/l.

TiToeuli komponentis xarji Mi kg/m3, iangariSeba formuliT

1000
1000

m
m

V
mM ii

i 



 b.nar.

f


,

sadac im erTi (i-uri) komponentis xarjia, kg.

TabaSirovan Semkvrelebze miRebuli betonebis da duRabebis kumSvis
simtkiceebi mocemulia cxr. 3-Si.
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TabaSirovani betonebis da duRabebis simtkice cxrili 3

Semkvreli
betonis kumSvis simtkice, mgpa

mZime
wvrilmarcvlovani

da duRabi
msubuqi Semvsebi

foriani organuli

samSeneblo TabaSiri 4,5...8,0
5,25,0

0,80,2




3,0...9,0 2,5...4,0

maRali simtkicis TabaSiri 15,0...30,0
0,105,2

0,150,3




3,5...20,0 3,5...5,0

anhidriduli 7,0...15,0
5,70,1

5,120,2




3,5...15,0 3,0...7,5

eqstriq-TabaSiri 4,5...8,0
0,100,1

5,130,2




_ _

wyalmedegi TabaSirovani
Semkvreli

9,0...35,0
0,155,2

0,250,5




5,0...22,0 3,5...9,5

SeniSvna: duRabis simtkiceebi – mniSvnelSi.

3. daskvna
damuSavebulia TabaSircement-pucolanuri Semkvreli, romelic miiReba

masalebis SereviT (masiTi%): naxevarwyliani TabaSiri (50...70),
portlandcementi (10...25) da aqtiuri mineraluri danamati (trepeli,
diatomiti, opoka da sxv.) (10...25). Semkvreli miekuTvneba hidravlikurs da
aqvs maRali (80...90%) wyalmedegoba.

aseve miRebulia kompoziciuri TabaSirovani Semkvreli, sadac
TabaSirTan erTad CarTulia mcire danamatebi: portlandcementis aqtiuri
mineraluri komponenti, superplastifikatori, mikrokaJmiwa da sxv. es
Semkvreli 1,2...1,5-jer mtkicea TabaSircement-pucolanur Semkvrelze da
kidev ufro wyalmedegia.

TabaSirovan Semkvrelze damzadebuli betonebi da duRabebi
gamoirCevian maRali medegobiT dabali (0,2%) da maRali (3%) koncentraciis
sulfatur xsnarebSi, aseve gruntebis mineralizebul wylebSi.
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sanapiro areebSi motivtive talRaSemarbilebeli nagebobis
mowyobisas mosalodneli Sedegebi

a. frangiSvili, z. cixelaSvili,  n. CxeiZe, i. qadaria, p. giorgaZe

(saqarTvelos teqnikuri universiteti, m.kostavas q.№77,0175, Tbilisi,
saqarTvelo)

reziume: rekomendebulia inovaciuri tipis efeqturi motivtive
talRaSemarbilebeli sainJinro hidroteqnikuri nagebobis  (bmuli
kompleqsi) danergva-gamoyeneba Savi zRvis sanapiro-rekreaciuli zolis
mimdebare teritoriebis ekologiuri usafrTxoebis uzrunvelyofis
mizniT, im teritoriebze, sadac intensiurad aRiniSneba sanapiro-
rekreaciuli zolis (plaJis) Seuqcevadi warecxvebi. aRniSnuli
inovaciis danergva aseve SesaZlebelia Ria navsadgurebis
rekonstruqcia-ganviTarebis proeqtebSi.
sakvanZo sityvebi: motivtive talRaSemarbilebeli sainJinro
hidroteqnikuri nageboba, sanapiro-rekreaciuli zoli,  ekologiuri
usafrTxoeba, Ria navsadgurebis rekonstruqcia-ganviTarebis proeqti.

1.Sesavali
dRevandeli mdgomareobiT, Savi zRvis Stormuli talRebis arasasurvel

zemoqmedebas eqvemdebareba baTumis mimdebare zRvis
sanapiro-rekreaciuli zoli (bulvari, axali bulvari, adlia-aeroportis
teritoria da saerTod saqarTvelos Savi zRvis sanapiro perimetri), TurqeTis
teritoriaze ,,derineris” maRlivi kaSxlis agebisa da md. Woroxis myari
natanis gadaketvis Sedegad katastrofuli warecxvebi emuqreba aWaris Savi
zRvis sanapiros, katastastrofuli mdgomareobaa Caqvi-qobuleTi-urekis
monakveTze talRebis zemoqmedebiT. fuZis gruntis gamorecxvebisa da
deformaciebis Sedegad ingreva foTis navsadguris  damcavi kedeli - zRudari
(moli) [3,4].

warecxvebs eqvemdebareba agreTve “baqo-sufsis” navTobsadenis terminalis
mimdebare sanapiroc. aRniSnuli garemoebani dakavSirebulia  mniSvnelovan
ekonomikur da ekologiur zaralTan.

analogiur movlenebTan gvaqvs saqme ara marto saqarTvelos, aramed
msoflios mravali qveynis zRvebis sanapiro zolebSi. aRniSnul konteqstSi
dasmuli problemis samecniero kvlevas - axali tipis motivtive
talRaSemarbilebeli hidroteqnikuri nagebobis SemuSavebas, Sesabamisad,
sapilote proeqtisTvis  hidroteqnikuri nagebobis bmulis realur gamocdas
baTumis magaliTze sanapiro-rekreaciul zolSi ganTavsebis mizniT, udidesi
praqtikuli mniSvneloba eqneba.

2.ZiriTadi nawili
inovaciuri proeqtis mizania, adgilobriv an/da saerTaSoriso bazarze

moTxovnadi maRalteqnologiuri inovaciur-komerciuli Rirebulebis
produqtis Seqmna, zRvebis sanapiro-rekreaciuli zolebisaTvis motivtive
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napir¬¬damcavi, efeqturi axali tipis talRaSemarbilebeli  hidroteqnikuri
nagebobis kompleqsis saxiT.

unda aRniSnos, rom saqarTvelos Savi zRvis sanapiro zoli iwyeba
samxreTiT, TurqeTis sazRvarTan - sarfSi da mTavrdeba CrdiloeTiT
leseliZeSi, mdinare fsousTan (sigrZe 312 kilometri). Savi zRva praqtikulad
utevs xmeleTs saqarTvelos sanapiros mTel sigrZeze.

saqarTvelos napirebTan, sadac zRvis siRrmeebi SedarebiT didia,
Sesabamisad, talRebic maRalia. magaliTad, foTTan  xSirad fiqsirdeba
talRis simaRle 3-4 metramde. Ria zRvaSi 7-8 bali, qaris dros talRis
saSualo parametrebia: siCqare - 2,4-5 metri /wamSi, periodi 6-7 wami, talRis
sigrZe - 10-70 metri, simaRle 1.5-2.5 metri. didi Stormis dros talRis simaRle
aRwevs 5-6 metrs, xolo sigrZe 70-80 metria. amave dros 4-5 balis qaris
SemTxvevaSi, Tu talRis periodia 11 wami, dartymis Zala Seadgens 5,7 tonas 1
kvadratul metrze [1].

warmodgenili inovaciuri proeqti ganxorcieldeba hidrodinamikuri da
fizikuri modelirebis safuZvelze dasabuTebuli axali tipis
talRaSemarbilebeli hidroteqnikuri nagebobebis (da maTi bmulebis)
modelebis seriuli kvlevebiT, specialur laboratoriul talRageneratorze,
Savi zRvis sanapiro-rekreaciuli zolis maxasiaTebeli parametrebis
Sesabamisad miRebuli Sedegebis gamoyenebiT, rac sapilote proeqtis
SemuSavebis SesaZleblobas qmnis.

agreTve, Ria tipis sazRvao navsadgurebis gamarTul muSaobaze
mniSvnelovnadaa damokidebuli nebismieri sazRvao qveynis ekonomikuri
keTildReoba, sagareo-satransporto gadazidvebis organizacia, kulturul-
ekonomikuri kavSirurTierTobebis ganviTareba da sxv. Ria navsadgurebi da
maTi akvatoriebi, wlis garkveul periodebSi, rogorc wesi, ganicdian zRvis
Stormuli talRebis arasasurvel zemoqmedebas, rac aferxebs sazRvao
transportis normalur funqcionirebas. Stormuli talRebi iwveven portebis
mimdebare sanapiro zolebis Seuqcevad warecxvas, Stormis dros saporto
qalaqebis saniaRvre wyalarinebis  sistemebis normaluri funqcionireba
Seferxebulia.

SemoTavazebuli napirdamcavi talRaSemarbilebeli motivtive-mcuravi
hidroteqnikuri nageboba gankuTvnilia zRvis sanapiro-rekreaciuli zolisa da
Ria navsadgurebis Stormuli talRebisgan  dacvis problemis gadasaWrelad.

amrigad, zRvis sanapiro rekreaciuli zolisa da Ria navsadgurebis
Stormuli talRebisagan dasacavad kvlevis problema ganisazRvra efeqturi
axali tipis motivtive talRaSemarbilebel hidroteqnikur nagebobaTa bmuli
kompleqsis SemuSavebaSi. [2,6].
Stormuli talRebis mavne zemoqmedebis ugulvebelsayofad, Tanamedrove
mdgomareobiT, awarmoeben SerCeuli sanapiro-rekreaciuli zolebis
ekologiur-dacviT samuSaoebs (SerCeviT sanapiro zolebSi inertuli masalis
dayriT, navsadguris akvatoriis perimetris SemozRudva sxvadasxva tipis
tradiciuli hidroteqnikuri nagebobebis mowyobiT da sxv.), rac xSir
SemTxvevebSi araefeqturi da ZviradRirebulia, amasTan, moiTxovs regularuli
samuSaoebis Catarebas warecxili moculobis aRsadgenad [3,4].

zemoT aRniSnuli sakiTxis gadasawyvetad, rogorc erT-erTi varianti, Cvens
mier SemoTavazebuli inovaciuri winadadeba-teqnologiis, danergvas (sapilote
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proeqtis saxiT) upirvelesad vgegmavT baTumis sanapiro-rekreaciuli zolis
mimdebare zRvis SelfSi motivtive talRaSemarbilebeli hidroteqnikuri
nagebobis bmuli kopleqsis saxiT (sur.1)

sur.1.  axali tipis motivtive talRaSemarbilebeli hidroteqnikuri nagebobis
konstruqciis modelis gamocda

konstruqciulad zRvis Stormuli talRis energiis nawilobriv
Camqrobi StormSemarbilebeli nagebobis bmuli kompleqsi polimeruli, mzis
sxivebisa da mariliani wylisadmi  medegi masaliT iqneba damzadebuli. misi
TiToeuli Semdgeni nageboba-elementis naturuli zoma gegmaSi– 6X9 m-ia,
xolo erTiani simaRle - 6 m. isini erTmaneTTan 1,5-2 metris intervaliT iqneba
gadabmuli da mTlian motivtive hidroteqnikuri nagebobis bmuls  warmoqmnis.
nagebobis bmuli jaWvi ki zRvis napiridan 30-150 m dacilebiT araumetes 10
metris siRrmis SelfSi ganTavsdeba (rac damokidebulia zRvis Selfis
fskeris profilze) da iq specialuri bagiriT (Ruzebze) Camagrdeba. talRis
energiis Caqroba xdeba nageboba-mowyobilobis wyalqveSa da wyalzeda nawilSi
specialuri myari konstruqciuli samkuTxa prizmuli elementebis saSualebiT
(sur.1).

proeqtis avtorebi SemuSavebuli inovaciuri teqnologiis zRvis
sanapiro-rekreaciuli zolis warecxvisagan dacvis sxva arsebul meTodebTan
Sedarebisas miuTiTeben mis xanmedegobaze da ekologiur-ekonomikur
upiratesobebze.

SemoTavazebuli inovaciuri proeqtis avtorebi, saTanado moTxovna-
xelSewyobis SemTxvevaSi, upirvelesad vgegmavT  baTumis sanapiro-rekreaciuli
zolis SelfSi, SerCeviT monakveTebze (adlia-bulvaris mimdebare
teritoriebi), Cven mier SemuSavebuli  sapilote proeqtis naturaSi gamocdas
da, Sesabamisad, am proeqtisaTvis saTanado teqnikur-teqnologiuri
maxasiaTeblebis wardgenas.

Ria navsadgurebisa da sanapiro-rekreaciuli zolebis Stormuli
talRebisagan dacvis arsebuli xerxebisgan (kapitaluri damcavi kedlebis
amoyvana, liTonis konstruqciuli nagebobebis sistemis da sxv. SemomzRudavi
saSualebebis mowyoba) gansxvavebiT, SemoTavazebuli proeqtis ganxorcieleba
gansakuTrebiT efeqturi da rentabeluri iqneba Semdegi teqnikur-ekonomikuri
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maCveneblebis gamo: nagebobis konstruqciuli mdgradoba, Stormmedegobis
moTxovnili efeqti, Tanamedrove msubuqi arakoroziuli masalis gamoyeneba da
nagebobaTa kompleqsis mowyobis SedarebiTi ekonomiuroba, eqspluataciis
saimedooba da SekeTebis simartive, rekreaciuli zonebis xelSeuxebloba,
nagebobaTa montaJis mcire dro, zRvaSi samuSaoebis warmoebis moxerxebuloba,
nagebobaTa fasadis esTetikurad misaRebi formis SerCeva-gaformeba da sxv.

SemoTavazebuli inovaciuri proeqtis aRniSnuli pozitiuri
maxasiaTeblebis mixedviT ganxorcieleba (SedarebiT mcire danaxarjebiT),
SesaZlebeli iqneba rogorc sareabilitacio an axalmSenebare navsadguris,
aseve  sanapiro-rekreaciuli zolis pirobebSi, rac saTanado qmedunarianobasa
da sicocxlisunarianobas SesZens am obieqtebze Casatarebel ekologiur-
prevenciuli RonisZiebebis gatarebas. aamaRlebs saerTaSoriso daniSnulebis
Ria navsadgurebis sanapiro-rekreaciuli zolebis mSeneblobis saimedoobas;
efeqturs gaxdis rekreaciuli zolebis ekologiuri dacvis rekomendaciebis
gatarebas (napirwarecxvebisgan dacva, Stormis dros saniaRvre kanalizaciis
Seuferxebeli muSaoba, damsvenebelTa rekreaciul-komfortuli donis
amaRleba da sxv.), rac Tanamedrove mdgomareobiT zRvis sanapiro-rekreaciuli
zolis mimdebare nebismieri dasaxlebuli adgilisa da qalaqebisaTvis
aqtualuria.

inovaciuri proeqtis gansaxorcieleblad, pirvel rigSi,  saWiro iqneba
saqarTvelos regionaluri ganviTarebisa da infrastruqturis, ekonomikisa da
mdgradi ganviTarebis da garemos dacvisa da bunebrivi resursebis
saministroebis egidiT am problemiT dainteresebuli investorebis,
kolaboratorebis da sxva saqmiani pirebis moZieba da maTi informireba
SemoTavazebuli sakiTxis aqtualobis, inovaciuri proeqtis
maRalteqnologiurobisa da konkuren¬tunarianobis Sesaxeb. aRniSnuli
garemoeba garkveul safuZvels Seqmnis saqarTvelos Savi zRvis sanapiro-
rekreaciul zolSi (da ara marto saqarTvelos) arsebuli ekologiuri
problemebis gadasawyvetad.

inovaciuri proeqtis SemoqmedebiT avtorTa jgufs rekomendebulad
migvaCnia, rom inovaciuri  winadadebis danergvas saerTaSoriso masStabiT
kargi perspeqtiva aqvs - Tavad warmodgenili inovaciis saxis, problemis
gadawyvetis praqtikuli mniSvnelobisa da misi ganxorcielebis misaRebi
Rirebulebidan gamomdinare. vidre am axali tipis talRaSemarbilebel
hidroteqnikur nagebobas msoflio gamoiyenebs, upriani iqneba misi sikeTiT
jer sakuTar qveyanaSi visargebloT. imeds vitovebT, rom Sesabamisi
stuqturebi pirvel rigSi baTumis, foTisa da  urekis sakurorto zonebis
pirobebSi aRniSnuli inovaciuri teqnoloogiis danergviT dainteresdebian.

3.daskvna
1.avtorTa jgufis mier SemoTavazebuli nagebobis mowyobiT sanapiro-
rekreaciuli zolis teritoriebze mniSvnelovnad Semcirdeba adgilobrivi
warecxvebis moculoba natanis migraciis gaTvaliswinebiT.

2. talRaSemarbilebeli nagebobis mowyoba xels Seuwyobs sanapiro zolis
infrastruqturis keTilmowyoba-ganaSenianebasa da mis ekologiur dacvas.
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3.aRniSnuli RonisZiebebis  ganxorcieleba mizanSewonilia misi efeqturobis,
xanmedegi da saimedo eqspluataciisa da ekonomikuri maCveneblebis gamo
dRemde arsebul  sxva tipis napirdamcav nagebobebTan SedarebiT.
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qalaqebisa da dasaxlebuli adgilebis Camdinare-
sayofacxovrebo wylebis  meqanikuri da biologiuri

gawmendis SesaZlo  principuli sqemis Sesaxeb

l. klimiaSvili, n. nebieriZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi, Mm.

kostavas q.№77)
reziume:ganxilulia qalaqebisa da dasaxlebuli adgilebis Camdinare-
sayofacxovrebo wylebis  meqanikuri da biologiuri  gawmendis SesaZlo
principuli sqema, gamomdinare  Camdinare wylebis  sawyisi dabinZurebisa
da koncentraciisagan. kompleqsSi meqanikur gawmendasTan erTad
SemoTavazebulia biologiuri gamwmendi nagebobebis biofiltrisa da
meoradi saleqaris gamoyeneba Sesabamis  sadezinfeqcio kvanZTan erTad,
romelic xasiaTdeba  gawmendis maRali efeqturobiTa (89%)  da naklebi
energodanaxarjebiT.
sakvanZo sityvebi: Camdinare-sayofacxovrebo  wylebi, meqanikuri da
biologiuri gawmendis principuli sqema.

1. Sesavali
qalaqebsa da dasaxlebul adgilebSi Camdinare-sayofacxovrebo

wylebi miiReba  sacxovrebeli, administraciuli, komunaluri da agreTve
samrewvelo sawarmoebis sayofacxovrebo Senobebidan. wyalarinebis
(kanalizaciis) sistemis daniSnulebaa - Senoba-nagebobebis sanitaruli
mowyobilobebidan  miiRos Camdinare wylebi da  TviTdeniTi (udawneo) gare
qseliT  gaiyvanos dasaxlebuli adgilis gareT gasawmendaT. Semdeg es
wylebi gaauvneblos gamwmend sadgurSi normativebis Sesabamisad zRvrulad
dasaSvebi koncentraciis farglebSi da ise CauSvas wyalsatevSi [1].

qvemoT ganxilulia qalaqebis da dasaxlebuli adgilebis Camdinare–
fekaluri wylebis Taviseburebani  Semadgenlobis mixedviT  da Sesabamisad
meqanikuri da bilogiuri gawmendis gamoyenebis meTodebis Sesaxeb.

2. ZiriTadi nawili
rogorc cnobilia [2] Camdinare  sayofacxovrebo wylebi Sedgeba

mineraluri da organuli warmoSobis minarevebisagan. rogorc pirveli, ise
meore imyofeba gauxsnel, gaxsnil da koloidur mdgomareobaSi. gauxsneli
minarevebis nawils, romelTa dakaveba xdeba qaRaldis filtris analizis
dros, uwodeben Sewonil nivTierebebs. amaTgan yvelaze did sanitarul
safrTxes organuli warmoSobis minarevebi warmoadgens.

Camdinare - sayofacxovrebo wylebSi  organuli warmoSobis Sewonil
nivTierebaTa Semcveloba saSualod Seadgens 100-300 mg/l. organuli
minarevebis Semcveloba, romlebic gaxsnil mdgomareobaSia, fasdeba Jangbadis
bioqimiuri moTxovnilebisa  (Jbm) da Jangbadis qimiuri moTxovnilebis (Jqm)
maCveneblebis mixedviT. sayofacxovrebo  Camdinare  fekalur wylebSi
aRiniSneba  Jbm=100-400mg/l, xolo Jqm=150-600 mg/l farglebSi, da isini
SeiZleba Sefasdes, rogorc uaRresad dabinZurebuli [2].



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

28

normativebis mixedviT  cnobilia, rom Camdinare  wylebi (rogorc
sayofacxovrebo, ise  zedapiruli) wyalsatevSi CaSvebamde aucilebelad unda
gaiwmindos ama Tu im  damabinZurebeli nivTierebebis maqsimalurad dasaSvebi
koncentraciis farglebSi. amasTan gawmendili Camdinare wylebis  kontrols
axorcielebs da amtkicebs saxelmwifo zedamxedvelobis organoebi da
sanitariul-epidemiologiuri sadguri.

nebismieri dasaxlebuli punqtis gamwmendi sadgurebisTvis  dadgenilia
Camdinare wylebis xarisxis kontrolis normativebi wyalsatevebSi CaSvebamde.
amasTan qalaqis an dasaxlebuli adgilebis Camdinare wylebis  gamwmendi
nagebobebi iReben sayofacxovrebo-fekalur wylebs damabinZurebel
nivTierebaTa garkveuli koncentraciiT, romelTa gasauvneblad saWiro iqneba
Camdinare wylebis efeqturi gawmendis principuli sqemis SemuSaveba saTanado
mowyobiloba-nagebobebi komleqtaciiT.

qalaqis da dasaxlebuli adgilebis Camdinare wylebi   formrdeba iq
ganTavsebuli zogierTi samrewvelo sawarmos sayofacxovrebo-sameurneo
wylebisa  da sxva saxis Canadenisagan, romelTa Semadgenloba da dabinZureba
rogorc aRvniSneT mkveTrad cvalebadobs. sayofacxovrebo-sameurneo wylebs
miekuTvneba formirebuli Camdinare wylebi sacxovrebeli binebidan,
saavadmyofoebidan, skolebidan, sastumroebidan da sxva adgilebidan, sadac
cxovrobs da moRvaweobs xalxi, wyali samrecxaoebidan, abanoebidan,
sasadiloebidan da sxva komunaluri dawesebulebebidan. TiToeuli
adamianisagan dRe-RameSi qalaqis wyalarinebis sistemaSi (kanalizaciaSi)
mudmivad saSualod Caedineba sibinZuris mudmivi raodenoba (gramebSi):

Sewonili nivTierebebi…. . . . . . . . . ..…65;
gaRiavebuli siTxis Jbm5… . . . . . . . . .35;
gaRiavebuli siTxisJbm20 20 . . . . . . . .40;
amoniumis marilebis azoti, N. . . . . . .8;
fosfatebi, PP2O5……. . . . . . .  . . . . . . .1,7;
qloridebi, Cl . . . . . . .  . . . .  . . . 9.
aRsaniSnavia, rom sameurneo-sayofacxovrebo saxis Camdinare wylebi

samrewvelo minarevebis gareSe dRes praqtikulad ar arsebobs. gamonakliss
Seadgenen zogierTi sakurorto dabis Camdinare wylebi, magram masac uerTdeba
avtofarexebidan miRebuli wylebi, romlebic Seicaven navTobproduqtebs da
sxva saxis sibinZures, rac  tipiurad damaxasiaTebelia sawarmoo Camdinare
wylebisaTvis.

sayofacxovrebo wylebis, da aqedan gamomdinare, qalaqis Camdinare
wylebis Tavisebureba imaSia, rom isini Seicaven mraval mikroorganizms, maT
Soris, paTogenur baqteriebs, nawlavuri infeqciebis gamomwvevebs. baqteriebi
warmoadgenen sayofacxovrebo -Camdinare wylebis organul nivTierebaTa
mniSvnelovan nawils. 1 ml Camdinare siTxeSi milionobiT da aTobiT
milioni baqteriaa. sameurneo-sayofacxovrebo Camdinare wylebi aseve
Seicaven didi raodenobiT helminTebis kvercxebs.

mravali monacemi cxadyofs, rom uxeSi dispersuli nivTierebebiT
dabinZurebis saerTo masidan 35,4% Seadgenen, koloidebi - 14.3%, xsnadi
nivTierebebi - 50.3%. Camdinare wylebi Seicaven organuli nivTierebebis
53,7%, mineraluris - 46.3%. miCneulia, rom sayofacxovrebo-Camdinare
wylebSi organuli nivTierebebi Seadgenen 58%, xolo mineraluri - 42% [2].
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qalaqis da dasaxlebuli adgilebis tipis Camdinare wylebis gawmenda
warmoadgens sxvadasxva meTodebis erTobliobas, romlebic Tanamimdevrulad
asufTaveben wyals msxvili minarevebisgan (qaRaldisgan, qsovilis da
samzareulo narCenebisgan da sxv.), mZime minarevebisagan (qviSis, widis),
koloidur da xsnad organul damabinZurebisagan da gausnebovneben mas
paTogenuri mikroflorisgan.

dabinZureba, romlisgan wyali Tanamimdevrulad iwmindeba, grovdeba sqeli
suspenziis (Camdinare wylebis naleqis) saxiT da aseve eqvemdebareba
gadamuSavebas, romlis mizania naleqis gausnebovneba sanitaruli da
epidemiologiuri kuTxiT. specialuri gadamuSavebis Semdeg naleqis gamoyeneba
SeiZleba soflis meurneobaSi sasuqis saxiT, an SeiZleba moxdes misi
utilizacia sxva nebismieri saSualebiT. yvelaze mizanSewonilad SeiZleba
CaiTvalos ganeitralebuli naleqis gamoyeneba soflis meurneobaSi - es
uzrunvelyofs bunebaSi nivTierebaTa Sekruli mimoqcevis cikls, riTac
biosferoSi narCundeba  saerTo balansi.

Camdinare wylebis gamwmend nagebobaTa mTeli kompleqsi SeiZleba xuT
jgufad daiyos:

1) meqanikuri gawmenda;
2) biologiuri gawmenda;
3) wylis damatebiT gawmenda;
4) wylis dezinfeqcia;
5) naleqis damuSaveba.

qalaqis da dasaxlebuli adgilebis Camdinare wylebi Seicaven didi
odenobiT uxsnadi da naklebad xsnadi nivTierebebis nawilakebs, romelTa
sidide aRemateba 0,1 mkm, isini wyalTan erTad qmnian dispersul sistemebs -
suspenzias da emulsiebs. aseTi sistemebi kinetikurad arastabiluria da
garkveul pirobebSi SeiZleba ganadgurdes - naleqad gamoeyos an wylis
zedapirze amotivtivdes.

meqanikuri gawmenda niSnavs Camdinare wylebidan arsebuli gauxneli
uxeSdispersuli minarevebis gamoyofas, romlebsac mineraluri da organuli
buneba gaaCniaT. amisaTvis iyeneben Semdeg meTodebs:

 dawurvas - gansakuTrebiT msxvili dabinZurebis da nawilobriv
Sewonil nivTierebaTa dakavebas cxaurebsa da sacrebze;

 daleqvas - gamdinare  wylebidan Sewonili nivTierebebis
gamoyofas qviSadamWerze simZimis Zalis zemoqmedebiT (mineraluri
minarevebis gamosayofad), saleqarSi (ufro wvrili daleqili da
amotivtivebuli minarevebis SesaCereblad), aseve, navTobsaWerebiT,
cximis- da fisdamWerebiT. am meTodis nairsaxeobas warmoadgens
centridanuli daleqva, romelic gamoiyeneba hidrociklonebsa da
centrifugebSi;

 filtracias - Zalian wvrili suspenziis dakavebas Sewonil
mdgomareobaSi badisebr da marcvlovan filtrebSi;
samrewvelo  Camdinare wylebis araTanabari warmoqmnis SemTxvevaSi
gamwmend nagebobebze miwodebamde maT asaSualeben koncentraciis mixedviT
sxvadasxva konstruqciis gamasaSualebelSi.
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daleqvis meTodi naleqis duRilTan erTad gamoiyeneba kombinirebul
nagebobebSi mcire raodenobis Camdinare wylebis gasawmendad - septikebSi,
orsarTulian  saleqarSi da gamRiavebel  damlpobSi. amJamad,  meqanikuri
gawmenda, rogorc damoukidebeli meTodi, iSviaTad gamoiyeneba. aseTi
SesaZlebloba arsebobs, Tu mxolod meqanikuri gawmendis gamoyenebisas,
wyalsatevSi CaSvebis pirobebidan gamomdinare, xerxdeba wylis saWiro
xarisxis uzrunvelyofa (samrewvelo Camdinare wylebisaTvis - xelaxla
dabruneba teqnologiur procesSi).

ZiriTadad, meqanikuri gawmenda gamoiyeneba rogorc winaswari etapi
biologiuri gamwmendis win an rogorc Camdinare wylis damatebiTi wmenda.

biologiuri gawmendis procesi eyrdnoba mikroorganizmebis arsebobis
unars sakvebad gamoiyenon Camdinare wylebSi gaxsnili organuli nivTierebebi.
organuli nivTierebebis nawili gardaiqmneba wyalSi, naxSiris dioqsidSi,
nitrit- da sulfat-ionebSi, nawili ki midis biomasis Sesaqmnelad.
biologiuri gamwmendi saSualebebi pirobiTad SeiZleba daiyos 2 tipad:
- gawmendiT, im pirobebSi, romlebic bunebrivTanaa axlos;
- gawmendiT, xelovnurad Seqmnil pirobebSi.

pirvel tips miekuTvneba filtraciis da sarwyavi mindvrebi (miwis
nakveTebi, romelSic gawmenda mimdinareobs filtraciis xarjze gruntis fenis
meSveobiT), aseve biologiuri tborebi (araRrma wyalsatevebi, sadac
mimdinareobs gawmenda, eyrdnoba wyalsatevebis TviTgawmendas).

meore tips Seadgenen iseTi nagebobebi, rogorebicaa biofiltrebi da
aerotenkebi. aRniSnul naSromSi ganixileba biologiuri filtrebi.
biofiltri warmoadgens rezervuars gamfiltravi masaliT, romlis zedapiri
dafarulia biologiuri apkiT (mikroorganizmebis kolonia, romelsac SeuZlia
Camdinare wylebidan organuli nivTierebebis sorbireba da daJangva).

biologiuri gawmenda warmoadgens qalaqis da dasaxlebuli adgilebis
Camdinare wylebis damuSavebis ZiriTad meTods. amasTan arsebobs Camdinare
wylebis biologiuri gawmendis aerobuli da anaerobuli meTodi. aerobuli
wmendis dros xdeba mikroorganizmebis kultivireba aqtiur lamsa da bioapkSi.

bioapki izrdeba biofiltris Semavsebelze da aqvs lorwovani warmonaqmnis
forma, romlis  sisqea 1-2 mm. bioapkis saxeobrivi Semadgenloba ufro
mravalferovania, vidre aqtiuri lamis. bioapki Sedgeba baqteriebis, sokoebis,
safuaris, mwerebis matlebis, Wiebis da sxva organizmebisagan.

biologiuri gawmendis teqnologiur sqemaSi iyeneben agreTve meorad
saleqars, romelic ganTavsebulia biologiuri gamwmendi sadguris Semdeg
xelovnurad Seqmnil pirobebSi (aerotenkebi, biofiltrebi, saciurkulacio
JangviTi arxebi, biotenkebi da sxv.) da emsaxureba aqtiuri lamis an mkvdari
bioapkis gamoyofas gawmendili Camdinare wylidan.

meorad saleqarSi gawmendis (gaRiavebis) efeqturoba gansazRvravs
wylis gawmendis saerTo efeqts da biologiuri gawmendis gamwmendi
nagebobebis mTeli kompleqsis efeqturobas.

am tipis saleqaris upiratesobad miCneulia daleqili lamis martivi
moSoreba da bioapkisa hidrostatikuri wnevis qveS, maTi ganTavsebis
kompaqturoba da martivi konstruqcia.  uaryofiTi mxareebia - didi siRrme
da anaerobuli procesebis ganviTareba daleqil aqtiur lamSi.agreTve
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aRniSnuli saleqaris uaryofiTi mxarea safxeki meqanizmebis rTuli
eqspluatacia.

arsebobs radialuri saleqaris modifikaciebi, romelSic gamoiyeneba
dabalgradienturi Serevis principi da gaumjobesebuli lamis Semwovi, rac
saSualebas aZlevs Sewonil nivTierebaTa Semcvelobis  Semcirebas
gaRiavebul wyalSi bioapkis koncentraciis gazrdas.

Camdinare wylebis damuSavebis bolo etapze  xdeba wylis qloriT an
qloris Semcveli reagentebiT gausnebovneba - dezinfeqcia - wylidan
paTogenuri da sxva mikroorganizmebis da virusebis mocileba.
qloragentebad SeiZleba gamoyenebuli iqnas ZiriTadad Txevadi qlori,
qloris kiri, hipoqloridebi, qloris dioqsidi. qloris wyalSi xsnadoba
damoukidebelia temperaturasa da wnevaze. atmosferuli wnevis da
temperaturis dros 140C dros 1 litrSi ixsneba daaxloebiT 3 litri
gazisebri qlori (9,65 gr). qlorisebur mJavas gaaCnia didi baqtericiduli
efeqti, ris gamoc qlori mJave garemoSi ufro efeqturia, vidre tuteSi.

3. daskvna
ganxilulia qalaqebisa da dasaxlebuli adgilebis Camdinare-

sayofacxovrebo wylebis  meqanikuri da biologiuri  gawmendis SesaZlo
principuli sqema, gamomdinare  Camdinare wylebis  sawyisi dabinZurebisa
da koncentraciisagan. kompleqsSi meqanikur gawmendasTan erTad
SemoTavazebulia biologiuri gamwmendi nagebobebis biofiltrisa da
meoradi saleqaris gamoyeneba Sesabamis  sadezinfeqcio kvanZTan erTad,
romelic xasiaTdeba  gawmendis maRali efeqturobiTa (89%)  da naklebi
energodanaxarjebiT.

literatura
1. n. nacvliSvili, l. klimiaSvili, m. nacvliSvili, d. gurgeniZe.
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ferdos gruntis zRvruli daZabul–deformirebuli
mdgomareobis cvlileba samTo samuSaoebis Sesrulebis

procesSi
t. kviciani

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi, Mm.

kostavas q.№77)
reziume: ganxilulia samTo samuSoebis Sesrulebisas ferdoebis
mdgradobis amocanis amoxsna zRvruli daZabuli mdgomareobis meTodiT,
roca ferdos masivi SeicavsSesustebul zedapirebs K’<K da ρ'<ρ
maxasiaTeblebiT. amocanis gadasawyvetad dadgenilia aucileblobis
piroba, rom gruntis sust kontaqtis wertilebSi erTdroulad
kmayofildebodes Cveulbrivi da specialuri zRvruli wonasworobis
pirobebi. amasTan (K', ',K, , )f    funqcionaluri damokidebuleba
gansazRvrulia analizururad. amocanis gadasawyvetad dadgenilia
sasazRvro pirobebi da miRebulia damokidebulobebi, romlebic
marTebulia ara marto zRvruli daZabuli mdgomarobisTvis, aramed
zRvruli wonasworobis pirobisTvisac.
sakvanZo sityvebi: ferdo, grunti, zRvruli daZabuloba.

1. Sesavali
bunebriv mdgomareobaSi mTis qanebis masivebi ganicdian mudmivi da

Zalian rTuli bunebrivi faqtorebis zemoqmedebas. Zlieri movlenebi,
rogoricaa miwisZvrebi da afeTqebebi, mkveTrad aCqareben masivSi qanebis
Tvisebebis cvlilebas. ferdoebze gzebis
gayvanis da sxva gaTxriTi samuSaoebis Sesrulebisas irRveva qanebSi
damyarebuli bunebrivi reJimi, icvleba daZabulobis veli, warmoiqmneba
Rruebi, qanebis gaSiSvlebuli zedapirebi, Cqardeba qanebis gamofitvis
procesi. warmoiqmneba  ferdos mdgradobis dakargvis saSiSroeba. amitom
gruntis masivebis mdgradobis analizs didi praqtikuli mniSvneloba aqvs
miwis nagebobebis (nayarebis, Rrma qvabulebis, jebirebis, miwis kaSxlebis
da sxva msgavsi nagebobebis) proeqtirebis dros.

gruntis zRvruli daZabuli mdgomareobis zogadi Teoriis kerZo
amocanas warmoadgens ferdos gruntis masivis mdgradoba. zRvruli
wonasworobis ZiriTadi pirobas  ferdos masivis nebismier sibrtyeze aqvs
Semdegi saxe [1;3]: ( )n   ,

sadac τ da σn mxebi da normaluri Zabvebia mocemul sibrtyeze.

nax. 1. mTis qanebis Zvraze winaaRmdegobis grafiki
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es damokidebuleba mTis nebismieri qanebisTvis xasiTdeba monotonuri
mrudiT ABC (nax. 1), romelic Zabvebis mocemul  sazRvrebSi SeiZleba
Seicvalos BC wrfiT:

nK f   ,                                           (1)
sadac, K aris  SeWiduloba, gamosaxuli igive erTeulebSi, rac τ da σn ;  f -

Zabvebis mocemul intervalze Siga xaxunis koeficientis saSualo   sidide

(angariSSi, miRebulia tg=f ), [1].
ganvixiloT SemTxveva, roca fxvieri garemos yvela wertili imyofeba

zRvrul daZabul mdgomareobaSi, romlis drosac misi Siga sazRvari
warmoadgens dacurebis zedapirs.

fxvieri garemos  zRvruli wonasworobis aseTi amocanebis gadawyvetisas
arsebobs ori daZabuloba:Cvevlebrivi da specialuri - erTi  dakavSirebulia
v. feleniusis, k. tercagis, n. m. garsevanovis, n. a. citoviCis, l. n. bernackis da
saxvaTa saxelebTan, romlebic ikvlevdnen masivSi dacurebis zedapirze
zRvruli wonasworobis pirobebs TandaTanobiT(mimdevrobiT)  miaxlovebis
meTodiT, xolo meore dakavSirebulia v. penkinis, l. prandtlis, f. keteris, v.
v. sokolovskis, b. i. novotorcevis, c. c. goluSkeviCis da sxvaTa saxelebTan,
romlebic ikvlevdnen fxvieri garemos zRvruli wonasworobis pirobebs, roca
mocemuli zRvruli pirobebi qmnian ares, dafaruls dacurebis zedapiris
badiT, romlis yoveli wertili akmayofilebs zRvruli daZabulobis
mdgomareobis (1) pirobas. mkvlevarebis umravlesoba ferdos masivs ganixilavs,
rogorc erTgvarovans da izotropuls, mxolod l. n. bernicki da v. v.
sokolovski iTvaliswinebdnen angariSSi masivSi Sesustebul zedapirebis
arsebobas, romelTa simtkicis maxasiaTeblebi ρ’ da K’ gacilebiT naklebia,
vidre Zvris winaRobis maxasiaTebeli ρ da K sidideebi  [1;2;4;6;7].

arsebuli  (1) zRvruli wonasworobis pirobisagan gansxvavebiT, im
SemTxvevaSi, roca ferdos gruntis gansaxilvel wertilSi kmayofildeba
pirobebi:

'' ' n

n

K tg
K tg

  

 

  
  

(2)

 maSin mas  specialuri zRvrul wonasworobis pirobas uwodeben  [1]. aq
σn da τ gansazRvraven sibrtyeebze Zabvebis ganawilebas da mTavari Zabvebis
mimarTulebas. Tu σn-is da τ-s mniSvnelobebs CavsvamT zRvruli wonasworobis (1)
pirobaSi, SeiZleba davrwmundeT, rom sibrtyeebis orientaciis mimmarTveli
kuTxeebis cvlilebis dros icvleba mTavari Zabvebis sidideebic, romlis
drosac kmayofildeba zRvruli wonasworobis piroba. Tu σ3-s davtovebT
ucvlelad, maSin sibrtyeebis daxris kuTxeebis cvlilebisas σ1 xan izrdeba
xan klebulobs. bunebrivia, rom masivSi zRvruli wonasworobis mdgomareobas
swrafad miaRwevs yvelaze susti sibrtye, sadac σ1-is sidide minimaluria. amis
Cveneba yvelaze advilia grafikulad moris wreebis saSualebiT  [3;6].

me-2 naxazze BC wrfiTa da abscisTa RerZiT SemosazRvrulia mTis
mocemuli qanebisTvis SesaZlo Zabvebis are, romlis zeda sazRvari
gansazRvravs zRvrul Zabvas da romliTac ganisazRvreba mTis qanebis Zvris
winaRobis maxasiaTebeli ρ da K sidideebi.
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nax.2. Zabvebis zRvruli wre

Tu  TandaTanobiT  gavzrdi σ1-ს anu  Sevamcireb σ3-ს , Zabvebis didi wre

Seexeba BC wrfes romeliRac M wertilSi, romelic am SemTxvevaSi gviCvenebs

sibrtyis zRvrul mdgomareobas, es sibrtye σ2-is mimarTulebis paraleluria da

daxrilia σ1-ის mimarT
4 2

 
   kuTxiT. Tu  vcvliT σ2-is  sidides σ3-დან σ1 –

amde  sazRvrebSi,maSin  wrfis wrewirTan Sexebis mdebareoba  ar Seicvleba,

rac miuTiTebs imaze, rom sanam uzrunvelyofilia, 3 2 1    an 3 2 1   
piroba, σ2–is sidide ar moaxdens gavlenas zRvrul wonasworobis
mdgomareobaze.

me-2 naxazze  gamoyenebuli aRniSvnebiT M sibrtyis zRvruli daZabuli
mdgomareobis pirobiT, SeiZleba SevadginoT mTavar Zabvevebsa da simtkicis
maxasiaTeblebs Soris Semdegi damokidebuleba:

2
1 32  (45 ) (45 )

2 2
K ctg ctg 

       . (3)

Tu σ3 = 0, maSin

1 0 2  (45 )
2

K ctg 
     . (4)

es gviCvenebs winaaRmdegobas erTRerZa kumSvaze mTis qanebis nimuSebis
rRvevisas, rac gamowveulia Zvris ZalebiT sibrtyeebze, romelebic  daxrili

arian nimuSis RerZTan ε kuTxiT.

2. ZiriTadi nawili
Tu mTis masivis blokSi, romelic imyofeba moculobiT daZabul

mdgomareobaSi, arsebobs Sesustebuli sibrtyeebi (sibrtyeebi K’ < K და ρ' < ρ
maxasiaTeblebiT), maSin  mTavari Zabvebis mimarTulebis mimarT am sibrtyeebis
orientaciidan  gamomdinare, SeiZleba adgili hqondes zRvruli wonasworobis
Semdeg sam SemTxvevas:

1. erTdroulad kmayofildeba Cveulebrivi da specialuri zRvruli
wonasworobis piroba:

'' '
n

t n t

K tg
K tg

 

  

  
  

(5)

rogorc me-3  naxazidan  Cans, mocemuli Zabvebis tenzoris SemTxvevaSi

Zabvebs N, M da L, sibrtyeebze eqnebaT zRvruli  mniSvnelobebi,  amasTan M
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sibrtye, romelic imyofeba zRvrul wonasworobaSi, σ1-Tan  daxrili  iqneba

kuTxiT:
4 2

 
    (6)

xolo M da L sibrtyeebi  Sesabamisad daxrilia kuTxeebiT:

1

1 3

1 sin ' ' '
arcsin 1 ' ;

12 sin ( )
2

Kctg K tg

Ktg

  
 

   

   
         

    
     

(7)

2

1 3

1 sin ' ' '
arcsin 1 '

12 2 sin ( )
2

K ctg K tg

K tg

   
 

   

   
          

    
     

. (8)

2. dakmayofilebulia mxolod specialuri zRvruli wonasworobis piroba

' '
n

t tn

K tg
K tg

  

  

  
  

(9)

rodesac Sesustebuli sibrtyeebi σ1-is mimarTulebasTan adgenen
1 2   

kuTxes  (nax.3), Zabvebis udidesi wre ar exeba wrfes ρ’ და K’ maxasiaTeblebiT.

Tu zRvruli wonasworobis (1) pirobaSi CavsvamT σ2-is paralelurad mimarTuli

sibrtyeze jamuri mxebi da normaluri Zabvebis Semdeg mniSvnelobebs:

2 2
1 3 1 3

1
sin cos ;   ( ) sin 2 .

2n           

maSin mTavar Zabvebsa da Zvris winaRobis maxasiaTeblebs Soris
damokidebuleba  Caiwereba Semdegi saxiT

2
3

1
2

1
( ' cos sin 2 ) '

2
1

'sin sin 2
2

tg K

tg

   


  

 




. (10)

sur.3. Zabvebis zRvruli wre da
sibrtyeebis orientacia, romlebic

imyofebian Cveulebrivi da
specialur zRvrul wonasworobis

pirobebSi

sur.4. mTis qanebis bloki
da zRvruli  sibrtyeebis

orientacia masSi

3. kmayofildeba mxolod Cveulebrivi zRvruli wonasworobis piroba:

' '
n

t tn

K tg
K tg

 

  

  
  

,                                               (11)
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mocemuli Zabvebis tenzoris SemTxvevaSi Sesustebuli zedapirebi

Seadgenen σ1-Tan kuTxes α > α2 ან α < α1 (ix.nax.3,4).
zRvruli daZabuli mdgomareobis meTodiT SeiZleba amovxsnaT ferdoebis

mdgradobis  rigi amocanebi, romlebic Seicaven Sesustebul zedapirebs K’<K da

ρ' ρ maxasiaTeblebiT.
amisTvis aucilebelia, rom sust kontaqtis wertilebSi erTdroulad

kmayofildebodes Cveulbrivi da specialuri zRvruli wonasworobis piroba:

tgn K    ან ( ) tgn H    , (12)

tg ' 'n t t K    ან ( ') tg 'nt n H    (13)
grafikulad es piroba warmodgenilia me- 5 naxazze.

.

nax. 5. dacurebis wiris sqema samTo samuSaoebis procesSi
ferdoebis fuZis gamoburcvis arsebobis dros

MN dacurebis zedapiri gadakveTs sust kontaqts da M wertilSi gaaCnia Zabva,

romelic Zabvebis grafikze  xasiaTdeba MA wertiliT (nax. 5, b). imisaTvis, rom

am wertilSi erTdroulad kmayofildeodes specialuri zRvruli

wonasworobis piroba,romelic Zabvebis grafikze xasiaTdeba MB wertiliT,

aucilebelia, rom MA da MB sibrtyeebs Soris kuTxe Zabvebis grafikze

gamosaxul θ -s toli iyos.

axla ganvsazRvroT analizururad (K', ',K, , )f    funqcionaluri

damokidebuleba. amisaTvis  mxebi da normaluri Zabvebis gansazRvrisaTvis im

sibrtyeebze, romlebic σ1 mimarTulebasTan daxrili arian ω kuTxiT; SevcvaloT

maTSi - sxvaoba ω-თი (ნახ.6). visargebloT [3,4] SromebSi moyvanili  Semdegi

formulebiT:

(1 sin cos 2 )

       sin sin 2
n

tn

H   

   

    
  

(14)

CavsvaT (14)-dan τtn-is და σn-is  mniSvnelobebi (13)-Si, miviRebT:

sin ' '
sin(2 ') (1 )

sin

H H
 

 


   .                                             (15)

rogorc 5,b naxazidan Cans, specialuri zRvruli wonasworobis dros
sust kontaqtebSi maqsimalur daZabul mdgomareobas SeiZleba adgili hqondes

maSin, roca σ1-is mimarTulebasa da sust kontaqtebs Soris kuTxe metia =/4-
/2-ze, xolo minimaluri daZabuli mdgomareoba, roca es kuTxe ε-ze naklebia.

minimaluri daZabuli mdgomareoba Zabvebis grafikze xasiaTdeba Mc wertiliT
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(nax.5,b). amitom maqsimaluri daZabuli mdgomareobis dros kuTxe (2ω + ρ') meti

iqneba π/2-ze da am SemTxvevaSi (15) gamosaxuleba Semdeg saxes miiRebs:
sin ' '

2 ' arcsin[ (1 )]
sin

H H
  

 


    .                             (16)

me-5 da me-6 naxazebidan Cans, rom θ = ω – ε da sabolood miviRebT:

1 1 sin ' '
( ') arcsin[ (1 )]

4 2 2 sin

H H 
  

 


     . (17)

minimaluri daZabuli mdgomareobis dros kuTxe θ, romelic specialur da
Cveulebriv daZabul mdgomareobaSi myof sibrtyeebs Soris imyofeba,
ganisazRvreba formuliT:

1 1 sin ' '
' ( ') arcsin[ (1 )]

4 2 2 sin

H H 
  

 


     . (18)

(17) da (18) gantolebebis SedarebiT advilad davrwmundebiT, rom Zabvebis

nebismier mniSvnelobisaTvis adgili eqneba Semdeg tolobas: ' '      .

nax.6. Cveulebrivi da specialur
daZabul mdgomareobaSi myof

sibrtyeebs Soris kuTxis

gansazRvra.

nax.7. kontaqturi fenebis

specialuri daZabuli

mdgomareobaSi myofi amozneqili

qanobis dacurebis zedapiris bade.

(17) damokidebulebis ganxilvisas SeiZleba davadginoT, rom σ-s gazrdiT θ
kuTxe mcirdeba,  xolo Cazneqil profilis ferdoebSi zedapiridan

daSorebisas es kuTxe erTdroulad izrdeba σ-s zrdasTan erTad. aqedan

gamomdinareobs, rom Cazneqil qanobSi specialuri zRvruli wonasworobis

mdgomareoba  SeuZlebelia.

amozneqil profilis ferdoebSi σ1-is mimarTulebasa da Sesustebul
sibrtyeebs Soris kuTxe (horizontaluri an daxrili) ferdos zedapiridan

daSorebisas mcirdeba da amitom es ferdoebi Sesustebuli zedapirebis

arsebobis SemTxvevSi SeiZleba viangariSoT zRvruli daZabul mdgomareobis

meTodiT.

me-7 naxazze gamosaxulia fenovani qanebiT Semdgari amozneqili profilis

ferdos dacurebis zedapiris bade, romelTa fenebis kontaqtebTan K’ < K da ρ' <
ρ.
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amozneqili profilis qanobis gaangariSebis dros, roca samTo

samuSaoebis Sesrulebis  gamo arsebobs Sesustebuli zedapirebi, sasazRvro

pirobas warmoadgens (17)-Tan erTad Semdegi tolobebi:

0
0

ctg
;

2 1 sin 1 sin 1 sin

H H 
  

  


    
  

(19)

(19) tolobebi garemos zRvrul daZabulobis zedapirze, xolo (17)-Sesustebul

zedapirze.

me-7 naxazze moyvanil magaliTze - sust  kontaqtebSi daZabuli

mdgomareoba maqsimaluria. sibrtyeebze ,romlebic imyofebian  specialur

zRvrul wonasworobaSi,maqsimaluri daZaduli mdgomareoba SeimCneva im

SemTxvevebSi, roca  cicabod daSvebuli susti zedapirebi gadakveTen aqtiuri

wnevis prizmas da maSin ,roca Sesustebuli zedapirebi gadakveTen amoburcvil

prizmas.

3. daskvna
(17) da (18) formulebi marTebulia ara marto zRvruli daZabuli

mdgomarobisTvis, aramed zRvruli wonasworobis pirobisTvisac; am

formulebiT SeiZleba visargebloT Zalian susti fenovani qanebisagan

Semdgar ferdoebze zedapirebis agebisas.
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nagvis dasawvavi sadgurebi garemos minimaluri daWuWyianebiT

r. imedaZe, l. beriZe, T. maRraZe
(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,

Tbilisi, saqarTvelo)

reziume: statia moicavs am sakiTxis gadawvetisaTvis ucxo qveynebis
gamocdilebas: kerZod ganxilulia aseTi sadgurebis muSaobis
principi da konstruqciuli Semadgenloba. mocemulia am sakiTxis
gadawyvetis aqtualuroba Cveni qveynisaTvis, ise rekomendaciebic,
aseve aRniSnulia nagavsawvav sadgurebSi mimdinare teqnologiuri
procesebi da maTi konstruqciuli Taviseburebebi.
sakvanZo sityvebi: sarecxela, narCenebi, nawilakebi, plasmasebi,
Rumeli, ventiliatori.

1. Sesavali
dRevandel dRes saqarTvelos umetes dasaxlebul punqtebSi

mimdinareobs sayofecxovrebo da samrewvelo narCenebis dawviT
ganadgureba, rac aWuWyianebs garemos rogorc kvamliT, wvis narCenebiT,
mavne airebiT ise kvamlSi Semavali wvis nawilakebiT, es problema dgas ara
marto Cveni qveynis winaSe, aramed umetes qveynebSi. nagvis da narCenebis
dawva mimdinareobs Riad miwis zedapirze da wvis produqtebi qaris
saSualebiT vrceldeba did teritoriaze, rac kidev ufro abinZurebs
haers, gansakuTrebiT qalaqebTan axlos da iwvevs sxvadasxva saxis
daavadebebs. am sakiTxis mogvarebas msoflios qveynebSi sxvadasxva meTodiT
ebrZvian. erT-erTia nagvis da narCenebis dawva specialur sadgurebSi,
romelTac didi gavrceleba hpova aSS-is mcire zomis qalaqebSi

daaxloebiT 2030 aTasi mcxovreblebiT. maTi gamocdilebis gaziareba da
gadmoReba Cveni qveynisaTvis metad sasargeblo da xelsayrelia.

2. ZiriTadi nawili
nagvis da narCenebis dasawvav sadgurebSi Rumelebis aSenebis dros

aucilebelad unda iqnas gaTvaliswinebuli iseTi danadgarebis gamoyeneba,
romlebic daicaven haers daWuyianebisagan. amerikaSi am mizniT iyeneben
nagvissawvav danadgarebs, romlebic damzadebulia plastmasisigan, romelTa
gamoyenebamac minimumade daiyvana koroziis saSiSroeba da atmosferoSi
WuWyis gafrqveva. aseTi danadgaris warmadoba aris 10 t/dRe RameSi.
sarecxlebis sistema aseT danadgarebSi gaTvlilia 30 m3/wm gazis xarjiT

da  4 m3/wm wylis orTqlze temperaturiT 845C. gamavali airi Sedis
sarecxelaSi (nax. 1), roemlSic damontaJebulia ori gamagrilebeli da ori
avariuli gamafrqvevelebi.
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nax. 1
wylis saimedo da Seuwyveteli miwodebisaTvis sawiroa ramodenime wyaro

nagvisawvav sadguraSi. temperatura unda iyos 80C. gaxurebuli airi
gadadis tenis momSirebelSi, romlis simaRle unda iyos 10 m da diametri 3
m. wyali tnismomSoreblidan gadadis cirkuliaciur tumboebSi. airis
gawova suparatoridan xdeba ventiliatorebiT 20 m3/wm-Si simZlavriT 20 m

simaRlis sakvamle milSi (77C). mili nagvisdamwvel sadguris saxuravis
zemoT aRmarTuli unda iyos 4 m-ze.

saerTaSiriso normebis mixedviT myari nawilakebis Semcveloba airSi
unda iyos 0,004%, moxmarebuli haeris 50%-ze gadaangariSebisas.

amerikaSi nagivsawvav sadgurze dakvirvebis Sedegad, roca gazis

nimuSebis aRეba xdeboda sakvamle milis oTxi ubnidan, gairkva, rom myari
nawilakebis Semcevloba gazSi aRmoCnda gacilebiT naklebi, masTan
SedarebiT, rasac normebi iTvaliswinebda. Rumelis SigniT wvis
temperaturis regulireba, saSualebas iZleva Tavidan aviciloT
mniSvnelovani raodenobiT azotis Jangis warmoSoba. saqalqo nagavSi
gogirdis Semcveloba isedac mcirea da aqedan gamdinare SeiZleba
darwmunebiT vTqvaT, rom airi garecxili sarecxelSi ar Seicavs SO2-is
SesamCnev raodenobas.

nawilakebis haerSi gafrqvevis eqsperimentis cxrili
cdis
#

gatyorcnili airis parametrebi nawilekebis Semcveloba airSi
%-Si wonis mixedviT haeris
mosalodneli 50% siWarbis

SemTxvevaSi

siCqare
m/wm

xarji
m3/wm

saSualo

temperatura C

1 10,4 19 78,2 0,00761
2 10,3 18,7 79,2 0,00612
3 10,8 19,7 75,5 0,00611
4 10,2 18,4 18,4 0,00710
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armirebuli plastmasebis gamoyeneba koroziis problemebis
gadasawyvetad

aseTi sadgurebis danadgarebSi gamoiyeneba armirebuli SuSis
boWkoebi polieTilenis plastikatebiT. am plastikatebis samuSao reJimi
temperaturis mimarT didi ar aris, amitom sarecxela sadac Sedis airi

845C-iT mzddeba gumirebuli foladiT da dafaruli mJavegamZle aguriT.
sakvamle mili, tenis momSirebeli da wyalsadenis milebi damzadebulia
SuSis armirebuli polieTilenis fisis milebiT. airebis garecxvis dros
gaTvaliswinebuli unda iyos koroziulobis gaaqtiurebis garemo. gamTbari
airi Seicavs sulfatebs, qloridebs, sulfatebs da sxva. ramdenadac
danadgari mudmivad ar muSaobs, gacivebis dros xdeba haeris Sewova,
Zlierdeba agresiuli nivTierebebis kondensacia. amis garda nagavTan erTad
iwveba didi raodenobis plastmasis masa romlebic wvis dros didi
raodenobiT gamoyofen marilmJavas da sxva qloridebs. amitom ukan
dabrunebul wyals axasiaTebs mJavuri reaqcia. analizebiT dadgenilia rom
misi sidide PH=3, rac normaze mcirea.

im tipis nagavsarecx sadgurebSi sadac gamoyenebulia uJangavi
foladi, male korozirdeboda. samuSaos pirobebis Seswavlis Semdeg,
damproeqteblebi mividnen im daskvnamde, rom danadgarebi unda gakeTdes
plastikebiT. maTi gamoyenebis upiratesobas amagrebs Semdegi monacemebi:

1. plastikatebs axasiaTebs koroziamedegoba da didi xnis gamZleoba;
2. plastikebi ufro iafia uJangav foladtTan SedarebiT da

gacilebiT iafia titanTan da sxva SenaerTebTan;
3. plastikebi msubuqia, rac sayrdeni konstruqciebis gamartivebis

saSualebas iZleva;
4. mimdinare remontebis Semcireba gareTa miporkeTebebSi SesaZlebelia

plastikebis gamoyenebis dros ramdenadac isisni kargad muSaoben
atmosferul zemoqmedebebze.

dReisaTvis yvelaze kargad miCneulia amerikeli nagvis sawvavi
sadgurebi. inJinrebis mier Seqmnil sadgurebSi korozirebuli aqtivobebisa
da nagvis araerTgvarovnebis gaTvaliswinebiT SerCeuli iqna “atlas-382”
plastikatebi, romlebic yvelaze matad gaamarTla da bevri qveyana am
nagvis sawvav sadgurebs iyenebs. kargi iqneba Tu Cveni qveyanac ase moiqceva.

3. Ddaskvna
Cvens qveyanaSi dasaxlebul punqtebSi, erT-erTi problema gaxlavT

nagvis da sxva narCenebisagan ganTavisufleba. am sakiTxis gadasawyvetad
SesaZlebelia gamoyenebuli iqnas sazRvargareTis qveynebis gamocdileba. am
sakiTxis gadawyvetaSi gansakuTrebiT warmatebulia aSS, romelTa gamocdileba
mcire da saSualo dasaxelebul punqtebisaTvis (30000) mcxovreblamde,
sasurveli iqneba da am saqmisaTvis nagvis dasawvavi sadgurebis SeZena
gacilebiT iafi daujda qveyanas vidre axlis Seqmna.

literatura
1. i. beikas – firma “e Sarf end beikas”. inJiner-konsultantebi – “nagvis wvis
sadgurebi”. 1998 w.
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rkinabetonis maRlivi karkasuli Senobebi da maTi

seismoმedegobaze gaangariSebis arsebuli problemebi

d. gurgeniZe, l. kaxiani, m. sulaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77,

0175, Tbilisi, saqarTvelo)

reziume: winamdebare statiaSi gadmocemulia Senobebis proeqtebisa da
mSeneblobis პroblemebi sesmuri regionebisaTvis, gaangariSebis
meTodebis srulyofisaTvis    kvlevebis mimarTulebebi da amocanebi.
sakvanZo sityvebi: seismoმedegoba, sixiste, deformacia, Senobis
ngreva, dinamiuri maxasiaTeblebi gaangariSebis meTodi, mzidunarianoba.

1. Sesavali
miwisZrva es aris stiqiuri ubedureba, romelic Tavs atydeba dedamiwis

mraval regions da sul ramdenime wamSi anadgurebs Senoba-nagebobebs,
zRvaSi iwvevs giganturi sididis talRebs, xmeleTze mewyerebs, mTebSi
kldovani qanebis Camongrevas, mdinareebis kalapotis Secvlas, arsebuli
tbebis ganadgurebasa da axlis warmoqmnas, did materialur zarals,
adamianTa msxverls.

saqarTvelos teritoria aqtiur seismur regionSi, kerZod, xmelTaSua
zRvis akvatoriumSi mdebareobs, sadac miwisZvrebs regularuli xasiaTi
aqvs da xSirad damagnrevbeli Zalisaa. me-20 saukuneSi miwisZvram
imsxverpla 530 000 adamiani mxolod evropisa da xmelTaSua zRvis

regionSi. garda amisa, (nax. 1) aunazRaurebeli zarali miayena sakuTrebasa
da ekonomikas. mkvlevarebi cdilobdnen da dResac agrZeleben kvlevebs

axali seismoმedegi Senobebis Sesaqmnelad

nax. 1. miwisZvris მedegi.
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2. ZiriTadi nawili
ukanaskneli 40 wlis manZilze miwisZvrebis ukeTesad Seswavla da am

xnis ganmavlobaSi dagrovebulma gamocdilebam ganapiroba axali
gaumjobesebuli seismuri normebis Seqmna, romelic damyarebulia
gaangariSebis dinamiur meTodebze, efuZneba seismuri aCqarebis speqtrul
mrudebs da swored SerCeuli Senobis dinamiur maxasiaTeblebs, rogoricaa
sakuTari rxevis periodi, forma da rxevis dekrementi, dinamiurobis

koeficienti; garda amisa, Senoba-nagebobaTa saangariSo sqema, sixiste,
masebis ganawileba, gruntis aCqareba da sxva. [ 1 ]

Seiqmna gaangariSebis mravali meTodi, Senoba-nagebobebis axali
sqemebi, romlebic uzrunvelyofen Senobebis usafrTxo eqsploatacias.
erT-erTi yvelaze gavrcelebuli gaxlavT karkasuli sqema, romelic
xasiaTdeba mravalferovnebiT.

nax.2. karkasuli Senobebis konstruqciuli gadawyvetis saxეebi

maRlivi karkasuli Senobebi warmoadgens rTul sivrciT sistemas,
romelic Sedgeba brtyeli vertikaluri calkeuli elementebisagan –

CarCoebisagan, diafragmebisagan, Sekruli elementisagan – birTvisagan,
romlebic erTmaneTTan dakavSirebulia horizontaluri elementebiT,
gadaxurvebiT. Senobis mTeli sistema eyrdnoba drekad fuZes, romelic
ganicdis horizontaluri da vertikaluri datvirTvebis zemoqmedebas.

სeismoმedegobis Teoriis ganviTarebaSi didi wvlili Seitanes mecnierebma:
g. hauzmerma, i. goldenblatma, i. karaCinskim, k. zavrievma, g. qarcivaZem, S.
nafetvariZem, s. medvedevma, a. nazarovma, s. poliakovma da sxvebma.

bolo wlebSi didi yuradReba mieqca seismuri Zalebis gamoTvlas
realuri aqselogramebis gamoyenebiT; Seiqmna gaangariSebis axali
meTodebi, rogoricaa “puSoveris” meTodi da sxva.

msoflios seismurad aqtiuri regionebisTvis damuSavebul iqna

samSeneblo normebi da wesebi, seismoმedegi Senobebis gasaangariSeblad.
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damangreveli miwisZvrebis Sedegebis analizma gviCvena, rom
miwisZvrisgan daingra ara marto adre aSenebuli Senobebi, romlebic
samSeneblo normebis da wesebis dacviT ar iyo gaangariSebuli, aramed
axlad agebuli Senobebi. ngrevis erT-erT mizezs warmoadgenda maTi
saangariSo modelis mzidi rkinabetonis svetebis realuri muSaoba,
seismuri zemoqmedebisas konstruqciis faqtiuri deformaciebis
Tavisuburebis gamovlena, maTi gaTvaliswineba gaangariSebisa da

dagegmarebis dros. SenobaTa rkinabetonis konstruqciebis deformirebaze

[3] yvelaze did gavlenas datvirTvis niSancvladi zemoqmedeba, masalaTa
meqanikuri maxasiaTeblebis cvlilebebi axdens, rac Tavis mxriv cvlis
bzarwamoqmnis da zRvruli mdgomareobis xasiaTs, romelsac mivyavarT
elementebis sixistis klebamde da saangariSo sqemis cvlilebamde.

miuxedavad aRniSnuli problemisadmi didi interesisa da kvlevaTa

mniSvnelovani raodenobisa, romelic sxvadasxva qveynis seismoმedegi
mSeneblobis centrebSia moyvanili, problema mainc ar aris sakmarisad

Seswavlili. amitom, kvlevebi am mimarTulebiT warmoadgens seismoმedegi
mSeneblobis Teoriisa da praqtikis metad aqtualur problemas, romelic
iTvaliswinebs Zlieri miwisZvris pirobebSi rkinabetonis Senobebis da

konstrtuqciebis qcevis gaangariSebis ricxviTi modelirebis gamoyenebiT, [
2 ] deformaciuli modelebis safuZvelze, sadac Seswavlili iqneba
rRvevamde SenobaTa deformaciis yvela stadia da uzrunvelyofili iqneba
Senobis mzidi konstruqciuli elementebis saeqsploatacio saimedooba.

3. daskvna
principebi, romelzedac agebulia saangariSo modelebi da

konstruqciuli sqemebi arasrulad asaxavs im procesebიs realur fizikur
suraTs, sadac viTardeba rogorc fuZe gruntSi, aseve TviTon SenobaSi
intensiuri seismuri zemoqmedebisas. saWiroa kvlevebis gagrZeleba axali

gaangariSebis meTodebis srulyofa, raTa seismoმedegi rkinabetonis
konstruqciebisa da Senobis proeqtireba damyarebuli iqnas maT realur
qcevaze Zlieri miwisZvris dros.

literatura
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Tanamedrove xaraCoebis gamoyenebis mravalmxrivi
SesaZleblobebi

i. qvaraia, a.firosmaniSvili

(saqarTvelos teqnikuri universiteti, m. kostavas q. #77, 0175;
Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia, liTonis Tanamedrove xaraCoebis
gamoyenebis mravalmxrivi SesaZleblobebi samSeneblo,
saremonto da sarekonstruqcio samuSaoebis Sesrulebis
dros. maTi simtkice da universaluroba, mniSvnelovnad
amartivebs gamagrebis da montaJis samuSaoebs.

sakvanZo sityvebi: liToni, xaraCo, sayrdeni, gadaxurva, montaJi,
betoni, yalibi, remonti, rekonstruqcia.

1. Sesavali

samSeneblo samuSaoebis warmoebis dros, xaraCoebis tipis SerCeva
xdeba samuSaoTa Sesrulebis ZiriTadi amocanebidan (mSenebloba, remonti,
restavracia, gamagreba da sxva) da parametrebidan (Senobis simaRle, misi
konfiguracia, datvirTvebi xaraCos 1 kvm-ze da a.S.), gamomdinare. Yyvela
kerZo SemTxveva teqnikur-ekonomikur, teqnologiur da finansur
dasabuTebas moiTxovs, radganac xaraCoebis Rirebulebis xvedriTi wili

xSirad mTeli samuSaoebis Rirebulebis 3-5% Seadgეns da sakmaod
mniSvnelovan TanxebTan aris dakavSirebuli. sworad SerCeuli xaraCebi,
rogorc wesi Zalian amartiveben samSeneblo teqnologiuri procesebis
warmoebas obieqtze da sagrZnoblad aCqareben samuSaoTa Sesrulebis
vadebs. Aadre ZiriTadad xis xaraCoebi gamoiyeneboda, romelTa ageba did
materialur da SromiT danaxarjebs moiTxovda, SeuZlebeli iyo maTi
mravaljeradi gamoyeneba da saimedod damontaJeba. amJamad samSeneblo
praqtikaSi, farTod gamoiyeneba liTonis sxvadasxva tipis xaraCoebi.

2. ZiriTadi nawili

ukanasknel wlebSi, didi obieqtebis mSeneblobis dros gansakuTrebiT
xSirad gamoiyeneba milovani liTonis CarCovani xaraCoebi, romlebmac
Tavisi simtkiciTi maxasiaTeblebidan gamomdinare Zalovani xaraCoebis
saxeli daimkvidres. isini gamoirCevian simsubuqiT, montaJis simartiviT.
xraxniani sayrdeni da damamTavrebeli specialuri elementebis saSualebiT
advilad xdeba xaraCoebis sisworis da maTze dayrdnobili sayalibe
sistemebis an konstruqciuli elementebis horizontalurobis gasworeba da
SenarCuneba. maTi gamoyeneba warmatebiT xdeba myari sivrciTi karkasebis
asagebad, sayrdenebis, konstruqciebis droebiTi gaZlierebis mosawyobad
da a.S.. es bevri problemis martivad da swrafad gadawyvetis saSualebas
iZleva mSeneblobaze, romelTa erTi nawili warmodgenilia qvemoT.
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A Zalovani xaraCoebi, gansakuTrebiT did gamoyenebas poulobs Zveli
Senobebis saremonto da sarekonstruqcio samuSaoebis Sesrulebis dros.
mzidi konstruqciebis droebiTi gamagrebis mizniT specialuri
sayrdenebisa da gaZlierebis elementebis damontaJebis nacvlad sakmarisia
xaraCos sivrciTi karkasis ageba, romelzec xdeba vertikaluri
datvirTvebis  gadawileba (nax.1).

swrafad da zustad xdeba rkinabetonis nebismieri sirTulis
sarTulSua gadaxurvebis sayalibe sistemis ageba did farTze (nax.2).

ukiduresad gamartivebulia monoliTuri didmaliani rkinabetonis
konstruqciebis, magaliTad eklesia-monastrebis gumbaT-TaRovani
elementebis mowyoba, rodesac samuSaoebis warmoebis procesSi
vertikaluri datvirTva mTlianad xaraCoebze gadadis (nax.3).

Ggarda zemoTaRniSnulisa, Zalovani xaraCoebi didi warmatebiT
gamoiyeneba sxvadasxva tipis droebiTi mzidi sivrciTi karkasebis asagebad
da nebismier doneze samuSao adgilebis mosawyobad. maTi montaJis Semdeg
iqmneba myari karkasuli nageboba, romelzec advilia asasvleli kibeebis
da mravaldoniani gadasvlelebis mowyoba (nax.4).

Nnax.1. Zalovani xaraCoebis gamoyeneba gadaxurvis elementebis sayrdenad

Nnax.2. sarTulSua gadaxurvis filis sayalibe sistemis mowyoba did farTze
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Nnax.3. gumbaT-TaRovani konstruqciebis ageba Zalovani xaraCoebiT

Nnax.4. Zalovan xaraCoebze kibeebis da gadasasvlelebis mowyoba
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3. daskvna

1. NliTonis Zalovani xaraCoebis moxmarebis praqtikuli
gamocdilebidan  gamomdinare aSkaraa maTi mravalmxrivi gamoyenebis
SesaZleblobebi, rac  mniSvnelovnad amartivebs teqnologiuri procesebis
warmoebas nebismieri sirTulis Senobebis agebis, saremonto da
sarestavracio  samuSaoebis Sesrulebis dros. MaseTi xaraCoebiT advilad
xdeba mZlavri sivrciTi karkasuli sistemis Seqmna da maTi droebiT
sayrdenebad gamoyeneba.

literatura
1. i. qvaraia, gamagreba-gaZlierebis samuSaoebis warmoeba ukiduresad

SezRudul pirobebSi mSeneblobisa da rekonstruqciis dros.
„teqnikuri universiteti“. 2016. 100gv.
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SenobaTa fasadis kedlebSi kar-fanjris blokebis Camagrebis
sakiTxisaTvis

S. baqaniZe, l. zambaxiZe, g. Salitauri
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175 Tbilisi,

kostavas  77)
reziume: ganxilulia SenobaTa fasadis kedlebis RiobebSi kar-fanjris
blokebis Camagrebis sakiTxi. ricxviTi magaliTis safuZvelze
dasabuTebulia, rom maTze qaris saangariSo datvirTvis gansazRvrisas
Senobis adgilmdebareobis tipis da simaRlis gaTvaliswinebis garda,
saWiroa samagri diubelebis Semowmeba ara mxolod Wraze, aramed Runvazec.
sakvanZo sityvebi: qaris dawneva, kar-fanjris blokebi, samagri diubelebi,
Semowmeba Wraze, Semowmeba Runvaze.

1. Sesavali
rogorc cnobilia, Senobis fasadis kedlis RiobebSi kar-fanjris

blokebs amagreben plastmasis diubelebSi Caxraxnili foladis sWvalebiT.
xSirad maTi diametrisa da raodenobis SerCevisas ar iTvaliswineben kar-
fanjris blokze qaris dawnevis saangariSo mniSvnelobis cvlilebas Senobis
adgilmdebareobis tipisa da simaRlis mixedviT.

garda amisa, ar xdeba samagri diubeleris Semowmeba Wraze (roca bloki
mWidrodaa ganTavsebuli RiobSi) da Runvaze (roca blokisa da Riobis
ferdoebs Soris aris RreCo).

winamdebare statiaSi, ricxviTi magaliTis safuZvelze, naCvenebia, rom
zemoaRniSnuli faqtorebis gaTvaliswineba aucilebelia.

2. ZiriTadi nawili
Tbilisis erT-erT mSeneblobaze, 30 metris simaRlis rekonstruirebad

SenobaSi Caayenes metaloplastmasis fanjris bloebi zomebiT: 260X200 sm maSin,
roca Riobis zomebi iyo 270X210 sm, ris gamoc fanjris oTxive mxares gaCnda
RreCoebi siganiT 5 sm. (foto 1, nax. 1).

foto 1
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blokis RiobebSi Casamagreblad gamoiyenes plastmasis diubelebSi
Caxraxnili foladis sWvalebi diametriT 4 mm, romlebic ganTavsebuli iyo
nax. 1-is mixedviT: 4-4-gverdebze da 2-CarCos zeda gverdze. (qveda gverdis
Caumagrebelobis mizezad daasaxeles momavalSi am adgilze fanjris rafis
montaJi).

SevamowmoT Camagrebis sakmarisoba.
a)

nax.1 a. fanjris bloki, saerTo xedi; b. kveTi 1-1

qaris datvirTva fasadis 1 m2-ze (normatiuli datvirTva 85 kg/m2,
Senobis adgilmdebareobis tipi B, simaRle – 30 m-mde, simaRlis mixedviT
qaris dawolis gamaTvaliswinebeli koeficienti – 1,1, daqaruli
mimarTulebisaTvis):

W=850,81,1=74,8 kg/m2
qaris dawola fanjaraze (2,0X2,6 m):

W=74,822,6=388,96389 kg
sWvalebis raodenoba - 10 cali.
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erT sWvalze mosuli datvirTva – sWvalebze Tanabrad gadanawilebis
SemTxvevaSic ki (sinamdvileSi, cxadia, iqneba sxvadasxva):

N=389/10=38,9 kg
sWvalis Semowmeba Wraze (=4 mm)

13,0126,0
4

4,014,3

4

D
S

22







 sm2

29913,0:9,38  kg/sm2<R=1300 kg/sm2

e.i. piroba Wraze dakmayofilebulia.

sWvalis Semowmeba Runvaze: (nax. 1 kveTi 1-1)
sWvalSi aRZruli mRunavi momenti

M=38,90,05=1,95 kgm

093,0
2100

195


R
MWsaW. sm3

sWvalis faqtiuri winaRobis momenti:

006,0
32

4,014,3

32

d
W

33







 sm3<<WsaW.=0,093 sm3

e.i. piroba Runvaze dakmayofilebuli ar aris.
sWvalis saWiro diametri

32

14,3
003,0

3d
 ; 95,0d3  sm3; 198,0d  sm

3. daskvna

Senobis fasadis kedlebis RiobebSi kar-fanjris blokebis Camagrebisas
gaTvaliswinebuli unda iqnes Senobis adgilmdebareobis tipi da qaris
dawnevis zrda simaRlis mixedviT. garda amisa, samagri diubelebi
Semowmebuli unda iyos ara mxolod Wraze, aramed Runvazec.

literatura

1. СниП 2.01.07.-85 Нагрузки и воздействия. Госстрой СССР М, 1987, стр. 35
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axali Taobis betonebi mSral wvrilmarcvlovan-fxvnilovan
Semvsebebze

a. nadiraZe, a. kankava
(saqarTvelos teqnikuri universiteti, m. kostavas q. #77, 0175;

Tbilisi, saqarTvelo)

reziume: naSromSi ganxilulia saerTo samSeneblo cementovani
betonebis ganviTarebis etapebi da am etapebis Sesabamisad betonis
Sedgenilobebis srulyofis sakiTxebi. dasmulia problemebi axali
Taobis maRali simtkicis betonebis miRebis SesaZleblobebze
hiperplastifikatorebis da aqtiuri mineraluri danamatebis
safuZvelze. Seswavlilia kompleqsuri organul–mineraluri
danamatebiani maRali simtkicis da gansakuTrebiT maRali simtkicis
fxvnilovani betonis miRebis SesaZleblobebi da teqnikuri Tvisebebi.
Seswavlilia am betonebis gamagrebis da simtkicis matebis meqanizmi da
fxvnil–maCqareblebis moqmedebis kinetika RorRovan betonebSi.
sakvanZo sityvebi: wvrilmarcvlovani, fxvnilovani, Semkvreli.

1. Sesavali
bolo 60 wlis ganmavlobaSi saerTo-samSeneblo daniSnulebis

cementovanma betonebma gaiares Tavisi ganviTarebis sami etapi. pirveli
etapi daiwyo XIX saukunis meore naxevarSi da gagrZelda 1970 wlamde. maT
uwodeben Zveli Taobis betonebs. Tavis SedgenilobaSi isini Seicavdnen
oTx ZiriTad komponents: cements, qviSas, RorRs da wyals. qimiuri
danamatebi ZiriTadad gamoiyeneboda specialuri daniSnulebis betonebSi,
rogoricaa pucolanuri, Tbomedegi mineraluri danamatebiT, aseve
betonebSi gamamkvrivebeli, yinvamedegi, gamagrebis damaCqarebeli da
Semnelebeli danamatebiT da sxva. Zlieri plastifikatorebis gamoyeneba
betonebSi daiwyo 1969 wlidan [1].

2. Ziriadi nawili
bunebrivi fxvieri, forovani da wyalmoTxovnilebadi pucolanebi

gamoiyeneboda hidroteqnikur betonebSi. Tumca mikrokaJmiwa ukve cnobili iyo,
magram maRali dispersiulobis da Zlieri plastifikatorebis uqonlobis gamo
man ver hpova praqtikaSi gamoyeneba. 1930 wlidan plastifikatorad ZiriTadad
iyeneben warmoebis narCenebs: sulfito-safuaris durdos, gaorTqlil
safuaris, sulfito–spirtovan bardas; lignosulfonatebs – teqnikur
lignosulfonatebs, modificirebul teqnikur lignosulfonatebs da sxva.

meore gardamavali etapi – pirveli Taobis efeqturi
superplastifikatorebis gamoyenebis periodia. daiwyo 1970 wlidan. aq   Zveli
Taobis betonebis receptura, modificirebulia naftalinis da melaminis
fuZeze damzadebuli superplastifikatoriT. aseTi plastifikatorebis
warmoeba dResac mimdinareobs, ris Sedegadac gardamavali periodis
plastificirebuli betonebis  warmoebis moculoba saqarTveloSi uaxlovdeba
100%–ian zRvrebs. samwuxarod ar moipoveba Zveli Taobis
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superplastifikatoris gareSe  betonebis warmoebis statistikuri monacemebi.
Cveni SefasebiT saqarTvelos umetes raionebSi dResac iwarmoeba sp-s gareSe
betonebi. samwuxarod zogierTi mwarmoeblebi uyuradRebod toveben betonis
recepturaSi mniSvnelovan revoluciur gardaqmnebs.

saqarTvelos teqnikuri universitetis, saSeni maaslebisa da nakeTobebis
kaTedraze t.m.d. prof. a. nadiraZisa da sxvebis mier rusTavis metalurgiuli
qarxnis koqsqimiuri warmoebis narCenebis bazaze, saqarTveloSi pirvelad
adgilobriv masalebze damzadda SedarebiT iaffasiani, amave dros sakmaod
efeqturi supertlastifikatori СПКС-1 ( s.m. №1503240, moskovi 1989 w.).

es danamati mkveTrad zrdis betonis narevis Zvradobas, magaliTad ssb
da sdb maplastificirebeli danamatebis gamoyenebisas narevis Zvradoba
izrdeba 2-3-jer, e.i. 0-2 sm konusis Cajdomidan 7-8 sm-mde, xolo
supertpatifikatorebis gamoyenebisasa denadoba izrdeba 1-jer, e.i. 0-2 sm-dan
20-22 sm-mde, cementisa da wylis xarjis cvlilebis gareSe.

garda amisa sp iZleva saSualebas davzogoT cementisxarji 15-25%, xolo
Tu ar aris saWiro cementis ekonomia, SesaZlebelia betonis simtkicis zrda
15-20%-iT. amasTan erTad igi amcirebs vibrodamuSavebis maqsimalur

temperaturas 90C-dan 60C-mde, zrdis wyaluJonadobas, yinvagamZleobas da
nakeTobebis saxiani zedapiris xarisxs.

1990 weli – meore Taobis efeqturi sp-is eris dasawyisia
karboqsilatebis safuZvelze, nacvlad naftalinisa. magram qviSovan da
RorRovan betonebis recepturaSi, SedgenilobaSi da struqturaSi ar momxdara
mniSvnelovani cvlilebebi. kardinaluri cvlilebebi moaxdina 1995 wels
pucolanebis, mikrokaJmiwis, mJavenacrebis da qvis fqvilis Semosvlam [2]. am
periodSi  sazRvargareTis mowinave qveynebSi betoni mravalkomponentiania,
Seicavs 6–7 komponents: mikrokaJmiwas da dispersiul mavseblebs – kvarcovan
(mikrokvarci) da qvis fqvils (bazalti, graniti, kirqva da sxva). saqarTveloSi
axali Taobis betonebi dResdReobiT ar iwarmoeba.

fxvnilovani aqtivacia meore gardamaval periodSi da mesame periodis
dasawyisSi ar gamoiyeneboda. magram aman ver moaxdina
superplastifikatorebiT plastificirebuli betonis narevis reologiis
kardinaluri cvlileba. misi ZiriTadi daniSnuleba iyo gardamavali Taobis
betonebSi cementis xarjis Semcireba aqtiuri wvrilmarcvlovani mavseblis
xarjze. is iTvaliswinebs wminda dispersiuli mavseblebis Seyvanas cementSi
10–40%–is raodenobiT. am dros myardeba simtkicis maqsimumi mavseblis
Semcvelobis moculobiT funqciaSi.

mesame periodi iTvaliswinebs maRali simtkicis da gansakuTrebiT
maRali simtkicis betonebis miRebas – gardamavali Taobis betonebSi
mniSvnelovani raodenobiT dispersiuli fxvniliseburi mavseblis, aucilebeli
raodenobis mikrokaJmiwis da wvrilmarcvlovani qviSis (fraqciiT 0.1–0.5÷0.16–
0.63 mm) damatebiT, romelsac uwodeben fxvnilad–aqtivizirebul betonebs.

wvrilmarcvlovani da RorRovani betonebis fxvnilovani aqtivacia
SeiZleba ganxorcieldes mza mSral cement-dispersiuli narevis safuZvelze.

mniSvnelovani miRwevebi betonis teqnikaSi aRiniSna gansakuTrebiT
maRali simtkicis (150–200 mpa) betonebis danergviT [3–4]. aseTi betonebis
dasamzadeblad gamoiyeneba ara zemaRali markis supercementebi, aramed
tradiciuli cementebi markiT 500–550 (klasiT ЦЕМ 42.5-52.5). TviTganRvradi da
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TviTgamkvrivebadi betonis narevis reologiuri Tvisebebi yvelaze ufro
srulyofilad Cans  wvrildispersiul mineral-cement-wylis sistemebSi bolo
Taobis hiperplastifikatorebiT (hp).  mineral-cementovan dispersiaSi
reaqciulad–aqtiuri pucolanuri danamatebis – mikrokaJmiwis,
maRaldispersiuli metakaolinis – damateba xels uwyobs betonSi „balastur“
hidrolizuri Ca(OH)2 – portlanditis SekavSirebas damatebiT macementirebel
nivTierebad. es ki axdens simtkicis gazrdas da betonis yvela fizikur–
teqnikuri Tvisebebis kardinaluri gaumjobesebas. uwinares yovlisa es exeba
fxvnilovan betonebsac (fb), romelic damzadebulia wvrilmarcvlovan–
fxvnilovani mSrali narevisagan. aseTi narevebi Seicavs 50–60% fxvnilovan
(cementi, dafquli mTis qani, Tes-is wanataci nacrebi da widebi, mikrokaJmiwa)
da 40–50% wvrilmarcvlovan (kvarcovani qviSa fraqciiT 0.1–0.6 mm) –
komponentebs.

mSrali wvrilmarcvlovan–fxvnil–betonis narevis dasamzadeblad
gamoyenebuli iqna: cementi kaspis qarxnidan; dafqvili qviSa (qd) xvedriTi
zedapiriT 1400–4000 sm2/gr saCxeris adgilmdebareobis; wvrilmarcvlovani
qviSa fraqciiT 0.16–0.63 mm (qw); mikrokaJmiwa granulirebuli novokuzneckis
feroSenadnobTa qarxnidan da hiperplastifikatori polikarboqsilatovan
fuZeze. am betonebis komponentebis erTmaneTSi Sereva xdeboda miqserul
SemrevSi winaswar dozirebul wyalSi 5–6 wuTis ganmavlobaSi. narevis
Camosxma daniSnulebis Sesabamisad moxda yalibebSi zomiT 40x40x160 mm,
100x100x100 mm, 70x70x280 mm.

gamocdis Sedegebi warmodgenilia cxrilSi 1.

cxrili 1

შედგენილობის № 1 2 3 4 5 6 7
ბეტონის
ნარევის

შედგენილობა

მშრალი
ფხვნილოვანი

ბეტონის
ნარევის

ც 722 738 497 391 480 480 320
ქდ 332 380 374 293 260 260 235
მკ 79 73.2 – 39 52 – 22.2
ქწ 1046 1042 400 547 485 480 351

ჰპ, % ცემენტის წონიდან 0.9 0.9 0.9 0.9 0.75 0.75 0.9
წ/ც (წ/მკვ) 0.3

(0.1)
0.23

(0.08)
0.31

(0.06)
0.39

(0.07)
0.33

(0.06)
0.32

(0.06)
0.376

(0.048)
ბეტონის ნარევის მოცულობითი

მასა, კგ/მ3

2376 2285 2365 2425 2505 2530 2534

სიმტკიცე კუმშვაზე 52 – 52 – 55,6 45,0 66

mSrali narevis receptura SeiZleba icvlebodes  da Seicavdes ara 5,
aramed 4 komponents: cementi, dafquli qviSa, mikrokaJmiwa da
superplastifikatori. am SemTxvevaSi is Seesabameba evraziis standarts
ГОСТ3108–2003. am standartiT Semkvreli Seesabameba cements, romelSic
klinkeris Semcveloba ar aRemateba 35%–s. aseT cementebs ar awarmoebs
saqarTvelos arcerTi cementis qarxana, Tumca ukve 10 welze metia rac
moqmedebs standarti. am standartis Sesabamisad xdeba amJamad qalaq



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

55

quTaisSi e.w. „axali cementis“ warmoeba Tboeleqtrosadguris wanatac
nacrebze da widebze da mineral spongoliTze maTi qimiuri aqtivaciiT.

3. daskvna

1. mSrali wvrilmarcvlovani–fxvnilovani narevis gamoyeneba yvela saxis
axali Taobis betonebis misaRebad reaqciuli–fxvniliseburi, fxvnil–
aqtivizirebuli qviSovani da fxvnil–aqtivizirebuli RorRovani
SesaZleblobas iZleva avamaRloT betonis simtkice 120–160 mpa–mde,
xolo boWkobetonebis 160–240 mpa-mde da SevamciroT cementis xvedriTi
xarji. es ganapirobebs mSeneblobaSi da betonis warmoebis Tanmxleb
dargebSi mniSvnelovan ekonomias;

3. zogierTi specialistebis SeSfoTeba betonze, romelic dakavSirebulia
betonis xangrZlivi eqsploataciis dros simtkicis kargvaze, iTvleba
usafuZvlod. axali Taobis betonebi ar aqveiTeben simtkices xangrZlivi
gamagrebisas da ar Semcirdeba maTi simtkice droSi;

4. axali Taobis betonebis warmoebisaTvis cementis qarxnebma unda
aiTvison kompoziciuri cementebis damzadeba evraziuli standartis
ГОСТ3108–2003–is Sesabamisad. msxvil samSeneblo kombinatebs, betonis da
rkinabetonis qarxnebs SeuZliaT gadavidnen axali Taobis betonebis
warmoebaze, Tuki aiTviseben TavianT sawarmoebSi mSrali reaqciul–
fxvnilovani narevebis damzadebas.
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qaris Zravebis saxeobebi
a. axvlediani,  a. gogolaZe,  g. axvlediani.

(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175, Tbilisi,
saqarTvelo)

reziume: qed-s (qaris eleqtro danadgari)  zomebis da maTi koSkebis
gamaRlebis wyalobiT, qaris maRali potencialis mqone adgilebSi, maTi
nominaluri simZlavris gamoyenebis koeficienti Seadgenen 24-25%, xolo
2018-2020 wlebisTvis igegmeba misi mniSvnelobis miRweva 28%-de. Tanamedrove
qed  umaRles efeqtianobas aRweven mravalagregatian qed-s SemadgenlobaSi
maTi optimaluri ganTavsebis pirobebSi (qaris mimarTulebisa da adgilis
topografiis gaTvaliswinebiT).
sakvanZo sityvebi: qaris eleqtro danadgari, frTiani Zravebi,
karuseluri Zravebi, orTogonaluri Zravebi.

1. Sesavali
qari yvelgan uberavs – xmeleTze da zRvaze. adamiani Tavidan ver

mixvda, rom haeris masebis gadaadgileba dakavSirebuli iyo temperaturis
araTanabar cvlilebasTan da dedamiwis brunvasTan, magram amas ar SeuSlia
xeli Cveni winaprebisTvis gamoeyenebinaT qari zRvaosnobisTvis. materikis
siRrmeSi ar aris qaris mudmivi mimarTuleba, radgan xmeleTis sxvadasxva
nawilebi wlis sxvadasxva periodSi Tbeba gansxvavebulad, SesaZlebelia
vilaparakoT mxolod qaris sezonur dominantur mimarTulebebze. amas
garda, sxvadasxva simaRleze qari iqceva gansxvavebulad, xolo 50 m
simaRlemde damaxasiaTebelia cvladi nakadebi.

2. ZiriTadi nawili
haeris nakadebis saSualo wliuri siCqareebi asmetrian simaRleze

aRemateba 7 m/w. Tu ki gaxvalT 100 metrian simaRleze, gamoiyenebT ra
bunebriv amaRlebas, maSin yvelgan SeiZleba qaris efeqtiani agregatis
dayeneba.

qaris yvela Zravis moqmedebis principi erTia. qaris zemoqmedebiT
brunavs qaris frTiani borbali, gadacemebis sistemis meSveobiT gadascems
ra sabrunav moments generatoris RerZs, romelic gamoimuSavebs
eleqtroenergias, aseve wylis satumbs an eleqtrogenerators. rac ufro
metia qaris borblis diametri, haeris miT ufro did nakads moicavs da
agregati ufro met energias gamoimuSavebs.

aq principuli simartive iZleva gansakuTrebul gasaqans
sakonstruqtoro SemoqmedebisTvis, magram mxolod gamoucdel mzeras
eCveneba qaris agregati  martiv konstruqciad.

qaris Zravebis tradiciuli gaerTmTlianeba – brunvis
hirizontaluri RerZiT – kargi gadawyvetaa mcire zomis da simZlavris
mqone agregatebisTvis. rodesac frTebis sigane gaizarda, maSin aseTi
gaerTmTlianeba gaxda araefeqtiani, imitom rom gansxvavebul simaRleebze
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qari uberavs sxvadasxva mxares. am SemTxvevaSi ara mxolod SeuZlebelia
agregatis qaris mimarTulebiT optimalurad orientireba, aramed iqmneba
frTebis daSlis saSiSroebac.

amas garda, msxvili danadgaris frTebis boloebi, moZraoben ra didi
siCqariT, qmnian xmaurs. Tumca, mTavari winaRoba qaris energiis gamoyenebis
gzaze mainc ekonomikuria – agregatis simZlavre mcirea, xolo xarjebi mis
eqspluataciaze – mniSvnelovani. Sedegad energiis TviTRirebuleba ar aZlevs
saSualebas horizontaluri RerZis mqone qaris Zravebs gauwion realuri
konkurencia energiis tradiciul wyaroebs.

firma „boingis“ (aSS) qaris frTiani Zravebis frTebis sigrZe ar
aRemateba 60 metrs, rac tradiciuli gaerTmTlianebisas iZleva 7 mgvt
simZlavris qaris agregatebis Seqmnis saSualebas. amJamad, maTgan yvelaze didi
– finansurad orjer „sustia". qaris energetikaSi mxolod masobrivi
mSeneblobis dros SeiZleba daveyrdnoT imas, rom kilovat–saaTis fasi
Semcirdeba aT centamde.
qaris Zravebis saxeobebi:

- qaris Zravebis saxeobebis umetesoba cnobilia iseTi droidan,
romistorias arc ki axsovs maTi gamomgoneblebis saxelebi.

qarisagregatebis ZiriTadi saxeobebi gamosaxulia (nax. 1)
isini iyofa or jgufad;

– qaris Zravebi brunvis horizontaluri RerZiT (frTiani) (2...5);

_ qaris Zravebi brunvis vertikaluri RerZiT  (karuseluri):
– frTiani (1) da orTogonaluri (6).

frTiani qaris Zravebis saxeobebi gamoirCevian mxolod frTebis raodenobiT.

nax.1 qaris Zravebis saxeobebi
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frTiani Zravebi. frTiani qaris ZravebisTvis, romelTa yvelaze didi
efeqtianoba miiRweva haeris nakadis  perpendikularulad moqmedebis
dros frTebis brunvis zedapirisken, aucilebelia brunvis RerZis
avtomaturi mobrunebis mowyobiloba. am mizniT gamoiyeneba frTa–
stabilizatori. karuseluri qaris Zravebs gaaCniaT is upiratesoba, rom
sakuTari mdgomareobis Seucvlelad SeuZliaT imuSaon qaris nebismieri
mimarTulebis SemTxvevaSi.

frTiani qaris Zravebs qaris energiis gamoyenebis koeficienti (ix.
nax.1) ufro maRali aqvT, vidre karuselurs. amavdroulad, karuselurs
aqvs ufro didi brunvis momenti. es ukanaskneli maqsimaluria
karuseluri frTiani agregatebisTvis qaris nulovani fardobiTi
siCqaris dros.

frTiani qaris agregatebis gavrceleba aixsneba maTi brunvis siCqaris
odenobiT. maT SeuZliaT multiplikatoris gareSe uSualod miuerTdnen
eleqtrodenis generators. frTiani qaris Zravebis brunvis siCqare
ukuproporciulia frTebis raodenobis, amitom samze meti frTis mqone
agregati praqtikulad ar gamoiyeneba.

karuseluri Zravebi. karuselur danadgarebs aerodinamikaSi gansxvaveba
aZlevs upiratesobas tradiciuli qaris ZravebTan SedarebiT. qaris
siCqaris matebis dros isini swrafad zrdian wevis Zalas, ris Semdegac
brunvis siCqare stabilizirdeba. karuseluri qaris Zravebi
nelsvlianebia, da es iZleva martivi eleqtro sqemebis gamoyenebis
saSualebas, magaliTad, asinqronul generatorTan erTad, qaris
SemTxveviT dabervis SemTxvevaSi avariis moxdenis gareSe. nelsvlianobas
gaaCnia erTi SemzRudavi moTxovna - dabal brunze momuSave
mravalpolusiani generatoris gamoyeneba. aseT generatorebi ar aris
farTod gavrcelebulebi, xolo multiplikatorebis  gamoyeneba
(multiplikatori [laT.Multiplikator – gamamravlebeli] - romelic
zrdis reduqtors) araefeqtiania am ukanasknelTa dabali margi qmedebis
koeficientis gamo.

karuseluri konstruqciis kidev ufro mniSvnelovani upiratesoba
gaxda misi unari damatebiTi Zalisxmevis gareSe Tvalyuri adevnos Tu
„saidan uberavs qari“, rac metad mniSvnelovania qaris cvalebadi
nakadebisas. aseTi tipis qaris Zravebs ageben aSS-Si, iaponiaSi, inglisSi,
germaniaSi, kanadaSi.

karuseluri frTiani qaris Zravebi yvelaze martivia eqspluataciis
dros. misi konstruqcia uzrunvelyofs maqsimalur moments qaris Zravis
gaSvebis dros da brunvis maqsimaluri siCqaris avtomatur
TviTregulirebas muSaobis procesSi. datvirTvis zrdasTan erTad
mcirdeba brunvis siCqare da srul gaCerebamde izrdeba brunviTi
momenti.

orTogonaluri Zravebi. specialistebis varaudiT, orTogonaluri
qaris agregatebi perspeqtiulia didi energetikisaTvis. amJamad, qaris
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orTogonaluri konstruqciebis momxreebis winaSe gansazRvruli
sirTuleebia, kerZod maTSi gaSvebis problemaa. orTogonalur
mowyobilobebSi gamoiyeneba frTis igive profili, rac qvebgeriT
TviTmfrinavebSi (ix. nax. 1, 6).
manam, sanam „daeyrdnobodes“ frTis amwev Zalas, TviTmfrinavma unda
gaakeTos garbeni. asevea saqme orTogonalur mowyobilobasTan
dakavSirebiT. Tavidan masTan unda mivides energia - raTa daatrialos da
miiyvanos gansazRvrul aerodinamikur parametrebamde, xolo Semdgom
TviTon gadava Zravis reJimidan generatoris reJimze.

simZlavris SerCeva iwyeba daaxloebiT qaris 5 m/w siCqaris dros,
xolo nominaluri simZlavre miiRweva 14...16 m/w siCqaris SemTxvevaSi.

qaris danadgarebis winaswari gaTvlebi iTvaliswineben maT
gamoyenebas 50 kvt-dan 20000 kvt-mde diapazonSi. 2000 kvt simZlavris
realistur mowyobilobaSi  im rgolis diametri, romelzec moZraoben
frTebi, Seadgens daaxloebiT 80 metrs.

didi simZlavris mqone qaris Zravs didi zomebi aqvs. Tumca SeiZleba
SemovifargloT mcirediT - ricxviT da ara zomiT. davurTavT ra
TiToeul generators calke gardamqmnels, SeiZleba SevajamoT
gamomavali simZlavre, romelsac gamoimuSaveben generatorebi. am
SemTxvevaSi izrdeba qaris danadgarebis  saimedoba da gamZleoba.

3. daskvna
realurad momuSave qaris agregatebma gamoavlines rigi uaryofiTi,

aseve dadebiTi Tvisebebi. magaliTad, qaris generatorebis gavrcelebam
SeiZleba Seaferxos telegadacemebis miReba da Seqmnas Zlieri xmovani
rxevebi. qaris Zravebs SeuZliaT ara marto energiis gamomuSaveba, aramed
energiis dauxarjavad brunvis meSveobiT yuradRebis mipyroba
reklamisTvis. yvelaze martivi - erT frTiani karuseluri qaris Zrava
warmoadgens marTkuTxed firfitas gadaRunuli boloebiT. kedelze
damagrebuli igi iwyebs brunvas umniSvnelo qaris drosac. frTebis did
farTobze karuselur sam-oTx frTian qaris Zravs SeuZlia abrunos
sareklamo plakatebi da mcire zomis generatori. akumulatorSi
dagrovil eleqtroenergias SeuZlia gaanaTos RamiT reklamiani frTebi,
xolo uqaro amindSi aseve abrunos isini.
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rkinabetonis CarCovani karkasis gaangariSeba
seismomedegobaze cxrilebis daxmarebiT

l. avaliSvili, z. kavlelaSvili, m. TavaZe, x. gorjolaZe
(saqarTvelos teqnikuri universiteti, m. kostavas № 77 , 0715

Tbilisi, saqarTvelo)

reziume: naSromi warmoadgens rkinabetonis CarCovani karkasis seismomedegobis
Teoriul gamokvlevas Tavisuflebis orxarisxiani dinamikuri saangariSo
sqemis mixedviT. kompiuteruli gaangariSebisaTvis gamoyenebulia specialuri
sainJinro programa „lira“. miRebulia dinamikuri parametrebi - sakuTari
rxevis T1 da T2 periodebi, dinamikurobis β1 da β2 koeficientebi karkasis
elementebis geometriuli parametrebisa da realurad SesaZlo datvirTvebis
varirebiT. Catarebulia ZiriTadi dinamikuri parametris - periodis
faqtoruli analizi; Sefasebulia diferencirebulad da raodenobrivad
(procentulad) periodze moqmed faqtorTa zegavlena. cxrilebis saxiT
miRebuli Sedegi daaCqarebs gaangariSebas da Seamsubuqebs damproeqteblis
Sromas, raSic gamoixateba  naSromis praqtikuli  Rirebuleba.
sakvanZo sityvebi: seismomedegoba, dinamikuri sqema, periodi, CarCo,
konstruqcia, karkasi, miwisZvra.

1. Sesavali
saqarTvelo seismurad aqtiuri respublikaa. mis teritoriaze bolo

sami aTwleulis manZilze mngreveli miwisZvrebis geografia gafarTovda,
rac seismuri saSiSroebis risks zrdis, amitom Cveni qveynisaTvis
seismomedegi mSenebloba sasicocxlo mniSvnelobis aqtualuri problemaa.
SeuZlebelia am stiqiuri ubedurebis prognozireba, magram Cvens xelTaa
misi damangreveli Sedegebis minimumamde dayvana. amisaTvis saWiroa
seismomedegi konstruqciebis srulyofa, dinamikuri saangariSo modelebis
dazusteba, miwisZvrebis instrumentuli Canawerebis inJinruli analizi,
specifikuri dinamikuri gaangariSebis daxvewa, seismoizolaciis farTod
danergva, axali mecnieruli kvlevebis safuZvelze normatiuli
dokumentaciis koreqtireba da a.S. samSeneblo praqtika aCvenebs, rom
seismuri normativebis dacviT  agebul rkinabetonis karkasuli
konstruqciis Senobebs maRali seismomedegoba axasiaTebT.

2. ZiriTadi nawili
warmodgenili Teoriuli kvlevis mTavari obieqtia rkinabetonis

erTsarTuliani xiduraamwiani karkasuli Senoba, romlis dinamikuri
saangariSo modeli Tavisuflebis ori xarisxis mqone rxevadi sistemaa.
aRniSnuli klasis Senobebs miekuTvneba samrewvelo SenobaTa umravlesoba,
romelTa nawili amJamad aRsadgenia da misi rekonstruqcia moiTxovs
specialur dinamikur gaangariSebebs. garda amisa, aRniSnuli dinamikuri
modeliT  iangariSeba sazogadoebrivi daniSnulebis Senobebic : sabavSvo
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baRebi, skolebi, sagamofeno da sportuli darbazebi, savaWro da
sareabilitacio centrebi da a. S.

karkasi Sedgeba  rkinabetonis sworkuTxa kveTis svetebisa da
rkinabetonis segmenturi wamweebisgan (ix. nax.1); amave naxazze mocemulia
CarCovani karkasis dinamikuri ormasiani saangariSo sqema.

nax. 1 gamosakvlevi Senobis ganivi Wrili da dinamikuri saangariSo
sqema

kompiuterze gasaangariSeblad momzadda Semdegi sawyisi monacemebi:

Senobis malebi - 18მ; 24მ; 30მ; svetebis biji - 6მ; 12მ; svetebis simaRle - 8,4მ;
9,6მ; 10,8მ; Tovlis datvirTva - 0,5კნ/მ2; 1კნ/მ2; 1,5 კნ/მ2; amwis tvirTamweoba - 5tZ;

10tZ; 15 tZ; 20 tZ; 30tZ; betonis klasi - B15; B20; B25; B30.
kompiuteruli gaangariSeba Catarda sainJinro programis „lira“-s

gamoyenebiT ormasiani rxevadi sistemis safuZvelze karkasis elementebis
geometriuli parametrebisa da realurad SesaZlo datvirTvebis varirebiT.
miRebulia CarCovani karkasis dinamikuri parametrebi: sakuTari rxevis I

tonis T1 და II tonis T2 periodebi,  dinamikurobis β1 და β 2 koeficientebi.

periodis sidide icvleba zRvrebSi T1=(1,184÷2,528) წმ; T2=(0,224÷0,27) წმ;
Sesabamisi dinamikurobis koeficientebi - β1=0,4÷0,93; β2= 3,52 ÷ 5,35 (იხ.ცხრ. 1)

mizandasaxulobis Sesabamisad Catarebul iqna ZiriTadi dinamikuri
parametris - periodis faqtoruli analizi, anu periodze moqmed faqtorTa
zegavlena Sefasda diferencirebulad da raodenobrivad. analizma gamoavlina:
periodze (I toni) mniSvnelovan gavlenas axdens malis cvlileba: 18 m-dan 30m-mde

malis gazrdisas periodi T1 izrdeba saSualod 30%-ით, T2 – 16% -ით; aseve svetis

simaRlis  gazrdiT 8,4m-dan 10,8m-mde T1 izrdeba 28,2%-iT, T2 – 14,3% -ით; betonis
klasis amaRleba B15-დან B30-mde periods amcirebs 17%-iT; Tovlisa da amzis
datvirTvebis cvalebadoba zemoT aRniSnul zRvrebSi periods  praqtikulad ar
cvlis
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cxrili 1

ზემოქმედების
სახე

სიდიდე
ბიჯი

მ
პერიოდები

დინამიკური
კოეფიციენტი

T1 Δ% T2 Δ% β1 β2
1 2 3 4 5 6 7 8 9

განივი ჩარჩოს მალი

12 მ

6

1.304

32.4

0.255

18.27

0.84 4.3
18 მ 1.444 0.262 0.7 4.19
24 მ 1.76 0.285 0.68 3.97
30 მ 1.948 0.312 0.57 3.52
12 მ

12
1.595

37.22
0.264

4.76
0.7 4.15

18 მ 1.840 0.261 0.55 4.14
24 მ 2.528 0.273 0.44 4.01

სვეტის სიმაღლე

8.4 მ
6

1.184
27.4

0.226
16.91

0.93 4.85
9.6 მ 1.407 0.231 0.79 4.55

10.8 მ 1.628 0.272 0.68 4.05
8.4 მ

12
1.333

29
0.205

20.5
0.84 5.35

9.6 მ 1.932 0.209 0.71 4.96
10.8 მ 1.88 0.258 0.67 4.26

თოვლის
დატვირთვა

0.5 კნ/მ2

6

1.408

5.4

0.262

0.763

0.78 4.19
0.64 კნ/მ2 1.422 0.263 0.72 4.21
1.0 კნ/მ2 1.428 0.262 0.76 4.21
1.5 კნ/მ2 1.45 0.262 0.74 4.19
0.5 კნ/მ2

12

1.83

6.52

0.258

0.769

0.6 4.29
0.64 კნ/მ2 1.844 0.263 0.6 4.21

1 კნ/მ2 1.898 0.264 0.58 4.21
1.5 კნ/მ2 1.930 0.263 0.57 4.21

ამწის დატვირთვა

5 ტ

6

1.390

1.1

0.26

13.79

0.78 4.4

10 ტ 1.398 0.262 0.78 4.21

15 ტ 1.400 0.272 0.78 4.07

20 ტ 1.402 0.284 0.78 3.94

30 ტ 1.405 0.293 0.78 3.8

5ტ

12

1.826

1.14

0.252

15.71

0.60 4.39

10 ტ 1.83 0.258 0.60 4.29

15 ტ 1.836 0.268 0.60 4.09

20 ტ 1.84 0.272 0.60 4.05

30 ტ 1.847 0.299 0.60 3.67

ბეტონის კლასი

B-15

6

1.483

10.1

0.262

13.74

0.74 4.19

B-20 1.356 0.248 0.8 4.43

B-25 1.34 0.236 0.82 4.72

B-30 1.328 0.226 0.83 4.85

B-15

12

1.846

16.03

0.26

18.07

0.6 4.22

B-20 1.712 0.242 0.65 4.54

B-25 1.605 0.224 0.68 4.9

B-30 1.556 0.213 0.71 5.15



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

63

SevniSnavT, rom Catarebul kvlevas aqvs winaswari saorientacio
xasiaTi. samagistro Sromis farglebSi dagegmilia darCenili yvela
SesaZlo variantebis gaangariSeba seismuri Zalvebis dadgeniT, rac
radikalurad Seamcirebs daproeqtebis dros cxrilis Sedegebis
gamoyenebis xarjze; es mniSvnelovnad aamaRlebs Sromis praqtikul
Rirebulebas.

qvemoT naxatze mocemulia ramdenime damaxasiaTebeli grafiki

ა) T1= f(L);

ბ) T1= f(Hსვ);

გ) T1=  f(B-);
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ნახ. 2 funqcionaluri damokidebulebis diagramebi

ა) T1= f(L); ბ) T1= f(Hსვ); გ) T1=  f(B-);

3. daskvna

rkinabetonis CarCovani karkasis Teoriuli gamokvlevis Sedegad
miRebuli dinamikuri parametrebis cxriliT sargebloba mniSvnelovnad
Seamoklebs seismomedegobaze Senobis gasaangariSebel dros.

ZiriTadi dinamikuri parametris - Tavisufali rxevis periodis
faqtorulma analizma gamoavlina: Senobis malis gazrda 18m- dan 30m- mde
iwvevs ZiriTadi  (I tonis) periodis gazrdas saSualod 30%-iT, xolo II
tonisas - 16%-iT; svetis simaRlis zrda 8,4m-dan 10,8m-mde iwvevs T1-is zrdas

28,2%-iT, T2-is zrdas - 14,3 %-iT; betonis klasis amaRleba B-15-დან B-30- mde
periods amcirebs saSualod 17%-iT; Tovlisa da  amwis datvirTvebis

cvalebadoba realur diapazonSi rxevis periods praqtikulad ar cvlis.

literatura
1. saqarTvelos samSeneblo normebi da wesebi - betonisa da rkinabetonis

konstruqciebi; pw.03.01.07, Tbilisi 2007 w.
2. samSeneblo normebi da wesebi „seismomedegi mSenebloba“ (pw.01.01.09),

Tbilisi, 2009 w.
3. l. avaliSvili, l. balanCivaZe, meToduri miTiTebebi rkinabetonis
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zemoqmedebaze, Tbilisi, stu-s gamomcemloba, 2016 w.
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qselur-centruli omi (NWC)
a. xatelaSvili

(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,
Tbilisi, saqarTvelo)

reziume: statiaSi ganxilulia Tanamedrove sabrZolo moqmedebebis da
operaciebis warmoebis formebi xerxebi da saSualebebi. msoflioSi
teqnologiur progresTan erTad teqnologiebis swrafma ganviTarebam
gamoiwvia miwiszeda da sahaero-kosmosuri sivrcis erToblivi
gamoyenebis aucilebloba sabrZolo moqmedebebisas.
sakvanZo sityvebi: sainformacio qseli, marTvis siswrafe,
TviTsinqronizacia.

1. Sesavali
saomari moqmedebis TeatrSi sabrZolo moqmedebebis warmoebis

qselur-centruli omis koncefcia gulisxmobs drouli da xarisxiani
informaciuli warmoqmnis Sedegad sabrZolo siZlieris zrdas, ris
Sedegadac miiRweva Zalebis da saSualebebis marTvis procesebis daCqareba,
operaciis tempis gazrda, mowinaaRmdegis gamanadgurebeli Zalis efeqturi
CaxSoba, sakuTari Zalebis sicocxlisunarianobis, mobilurobis gazrda da
sabrZolo moqnedebebis TviTsinqronizacia.

globaluri da regionaluri informaciul-dartymiTi, informaciul-
mmarTvelobiTi da dazvervis sistemebi qmnis miwiszeda da sahaero-
kosmosuri sivrcis erToblivi gamoyenebis realur SesaZleblobas. es
sistemebi dafuZnebulia sainformacio teqnologiebis, marTvis sistemebis
da SeiaraRebis Tanamedrove miRwevebze da amavdroulad miwiszeda, sahaero
da kosmosuri Zalebi da saSualebebi integrirebuli arian erTian saomar
moqmedebaTa sferoSi. iqmneba realuri pirobebi sabrZolo moqmedebebis
centralizebuli xelmZRvanelobis principebis realizaciisaTvis.

2. ZiriTadi nawili
qselur-centruli omi iZleva saSualebas Cveni ZalebiT ganvaviTaroT

marTvis siswrafe;
qselur-centruli omi saSualebas gvaZlevs ganvaxorcieloT jarebis

organizeba qvemodan zemoT principiT an TviTsinqronizaciiT.
marTvis siswrafe Sedgeba sami nawilisgan: jarebi moipoveben sainformacio

upiratesobas ukeTesi informirebis xarjze an sabrZolo moqmedebebis
mimdinareobis ukeTesi gagebiT da ara zerele monacemebiT. teqnologiurad
amisaTvis saWiroa gaumjobesebuli gadamcemebi, swrafi da Zlieri qseli,
teqnikuri gamosaxulebiT, aseve sakmarisad kargi SesaZleblobebi
modelirebisa da imitaciisaTvis; jarebi, romlebic moqmedeben swrafad,
zustad da gaSlilad, aRweven masirebul efeqts; Sedegad mowinaaRmdegis
moqmedebis mimarTuleba xdeba winaswar cnobili. es angrevs mowinaaRmdegis
strategias da imedia es mas SeaCerebs moqmedebebis dawyebamde. qselur-
centruli omis simZlavris erT-erTi elementi aris potenciali, romelic,
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SezRudvebis gaTvaliswinebiT axdens raodenobriv, teqnologiur da
poziciuri naklovanebebis kompensacias.

qselur-centruli omi iRebs Zalas mZlavri qseluri, kargad
informirebuli, magram geografiulad gaSlili Zalebidan. sakvanZo elementebs
warmoadgens sainformacio qselis maRali warmadoba, yvela Sesabamis
sainformacio wyarosTan wvdoma, iaraRis moqmedebis radiusi da manevrireba
reaqciis sizustiTa da siswrafiT, damatebuli marTvisa da kontrolis
procesebi saWiro resursebis maRali siswrafis avtomatizirebuli
gadanawilebis da integrirebuli gadamcemi qselis CaTvliT, romlebic
mWidrodaa dakavSirebuli marTvisa da kontrolis mimarTulebebsa da
procesebTan. qseluri-centruli omi gamoyenebulia yvela donis sabrZolo
moqmedebebis warmoebisas da xels uwyobs strategiis taqtikisa da operaciis
integracias. igi gamWirvalea amocanis, zomisa da jarebis SemadgenlobisaTvis,
aseve geografiuladac.

marTvis siswrafe aris procesi, romlis drosac sainformacio
upiratesobis pozicia xdeba konkurentuli upiratesoba.
TviTsinqronizacia aris kargad informirebuli jarebis  SesaZlebloba
ganaxorcielon organizeba da kompleqsuri sabrZolo moqmedebebis
sinqronizeba „qvemodan zemoT“.

sainformacio upiratesoba qselur, gafantul Semtev ZalasTan SerwymiT
Seqmnis kargad gaTvlil da zusti moqmedebebis SesaZleblobas adreul
etapze, rac migviyvans Zalian swraf cvalebad tempamde. es aris rasac Cven
vuwodebs marTvis siswrafes da es aris is rasac vuwodebT qselur-centrul
oms.

qselur-centruli omi mimarTulia sainformacio teqnologiebis
meSveobiT sainformacio upiratesobis gadasayvanad konkurentul
geografiulad gafantuli Zalebs Soris arsebuli saimedo qselis gamoyenebiT.

omis axali forma, misi Teoritikosis Tanaxmad, dafuZnebulia oTx
principze:
1. myari Zalebi, awyobili qselis da daxvewili sainformacio ganawilebis
principiT;
2. informaciis ganawileba da urTierTqmedeba aumjobesebs informaciis
xarisxs da saerTo viTarebis flobas;
3. saerTo viTarebis floba aumjobesebs TviTsinqronizacias;
4. xolo es Tavis mxriv mniSvnelovnad amaRlebs misiis efeqturobas.

qselur-centruli koncefciis arsi mdgomareobs imaSi, rom jarebi
romlebic moqmedeben am principiT, sabrZolo garemoSi efeqtebis
gaumjobesebuli sinqronizaciis gamoyenebiT SeZleben qondeT gazrdili
sabrZolo siZliere da miaRweven swraf marTvas, aseve aamaRleben sakuTar
sicocxlisunarianobas da moqnilobas.

qselur-centruli omis mizania gardaqmnas samxedro struqtura iseT
konfiguraciaSi, romelic oms gaxdis metad efeqturs: omi iqneba ufro swrafi
(moqmedebebi ganviTardeba maRali tempSi); Zalebis Semadgenloba iqneba ufro
koncentrirebuli; sikvdialianobis koeficienti Semcirdeba, amavdroulad
Semcirdeba iaraRis gamoyenebis saWiroeba; eqnebaT SesaZlebloba winaswar
gaTvalon (reaqtiul moqmedebebTan SedarebiT), aseve moaxdinon axali
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teqnologiebis integrireba qselSi informaciis sawarmoeblad da momaval
oponentze upiratesobis mosapoveblad.

qselur-centruli garemos Seqmnis siZnele Sedgeba ori nawilisgan.
pirveli aris codnis marTva - es aris aRmoCenis, amorCevis, organizebis,
gafiltvris, gacvlis, ganviTarebis da socialur garemoSi informaciis
gamoyenebis sistematuri procesi;

meore mniSvnelovani elementi aris teqnikuri kavSiri da Sidaoperireba,
romlebic qseluri kavSiris ori ZiriTadi moTxovnaa.

amitomac aucilebelia moxdes saWiro informaciis gadacema daculi
kavSiriT - ara mxolod „marTvisa da kontrolis“ sistemis elementebisaTvis,
aramed gaerTianebuli Zalebis momxmarebelTaTvisac, romlebic imyofebian
taqtikur poziciebze. dazvervis, TvalTvalis da rekognoscirebis platforma,
romelic warmoadgens „sensors“, aseve SeiaraRebis sistemebic CarTuli unda
iyvnen qselSi“.

sainformacio garemo ganisazRvreba iq sadac „informacia arsebobs“. mas
aqvs ormagi maxasiaTebeli da Sedgeba Tavad informaciisa da Suamavlisgan,
romlisganac Cven vagrovebT, vamuSavebT da vavrcelebT informacias.
sainformacio garemos maxasiaTeblebi moicavs informaciis xarisxs (sruli,
zusti, drouli, aqtualuri da Tanmimdevruli), gavrcelebas (diapazoni,
gadacemis procesi da uwyvetoba), aseve urTierTqmedebas (informaciis gacvla
an nakadi).

fizikuri garemo, es aris garemo, sadac SeiaraRebuli Zalebi
gadaadgildebian drosa da sivrceSi. igi moicavs xmeleTs, zRvas, haersa da
kosmoss, radganac maTSi fizikurad ganlagebulia samxedro platformebi da
maTSi gadian kominukaciis qselebi, romlebic am platformebs akavSireben.
socialuri garemo ganisazRvreba specifiuri eniTa da simboluri kavSiriT
adamianebs Soris. es aris sfero, sadac xorcieldeba individebis
urTierTqmedeba, romlebic arian araformaluri codnis Zlieri zegavlenis
qveS...

SemecnebiTi garemo, rogoricaa - ganaTleba, gamocdileba,
sazogadoebrivi azri da viTarebis gacnobiereba, sadac Cven miviRebT
gadawyvetilebebs da is uSualod dakavSirebulia inteleqtualur
SesaZleblobebsa da ganviTarebis donesTan. qselur-centruli omis
koncefciis gamoyeneba mkveTrad aumjobesebs jarebis SesaZleblobas swrafad,
warmatebulad da efeqturad gamoiyenos yvela xelTarsebuli saSualebebi
dasmuli amocanebis Sesasruleblad.

qselur-centruli omi aZlevs SeiaraRebul Zalebs swrafad cvlad garemoSi
adaptirebis saSualebas. qselur-centruli omis ZiriTadi maxasiaTeblebi
SesaZlebelia aRwerili iqnes integrirebuli hipoTezebis farTo krebuliT,
romlebic SesaZlebelia gamoicados sabrZolo cdebis dros.

pirveli klasis hipoTezebs miekuTvneba urTierTobebi, dakavSirebuli
informaciis gacvlasTan da saerTo informirebulobis gazrdasTan.
hipoTezis meore klasi moicavs saerTo informirebulobisa da sinqronizaciis
kavSirs, magaliTad saerTo informirebulobis donisa da sinqronizaciaSi
TanamSromlobis efeqti.

hipoTezis mesame klasi gulisxmobs kavSirs sinqronizaciasa da misiis
efeqturobas Soris.
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amisaTvis saWiroa gavigoT:
1. konkretuli pirobebi, romlis drosac saerTo informaciis hipoTeza -
saerTo informirebuloba aris simarTle;
2. gadamcemi funqciis forma informaciis gacvlasa da saerTo
informirebulobas Soris;
3. cvlilebebi, romlebis zegavlenas axdenen am urTierTobaze (rogirocaa:
informaciis gacvlis forma, informaciis xarisxi, monawileebs Soris codnis
ganawilebis done);
4. dabrkolebebi, rogoricaa sainformacio gadatvirTva, rac ar aZlevs
saSualebas informaciis gacvla gavides saerTo informirebulobis doneze;
5. midgomebi am dabrkolebebis gadasalaxad.

qselur-centruli omi - orientirebulia sainformacio upiratesobis
misaRwevad, aris koncefcia samxedro operaciebis Casatareblad, romelic
iTvaliswinebs gaerTianebuli Zalebis sabrZolo Zalis dajgufebis gazrdas
sainformacio qselis Seqmnis xarjze, romelic akavSirebs gadamcemebs
(monacemebis wyaros), gadawyvetilebis mimReb da aRmasrulebel pirebs, rac
iZleva saSualebas monawileebamde dayvanil iqnes informacia viTarebis
Sesaxeb, aCqarebs Zalebisa da saSualebebis marTvis process, aseve amaRlebs
operaciis temos, mowinaaRmdege Zalebis damarcxebis efeqturobas, sakuTari
Zalebis sicocxlis unarianobasa da sabrZolo moqmedebebis
TviTsinqronizaciis dones.

3. Ddaskvna
sainformacio-teqnologiuri kompleqsis arseboba uzrunvelyofs

operatiuli informaciis mopovebas, drois realur maStabSi, informaciis
vertikaluri da horizontaluri sqemiT saimedo da mowinaaRmdegisTvis
miuwvdomel gadacemas, erTian informaciul sivrceSi marTvis sistemebze
dayrdnobiT gadawyvetilebis miRebas da mowinaaRmdegisagan daculad mis
Semsruleblamde dayvanas; minimumamde dayvanis cikls- „aRmoCena-garCeva-
damizneba-ganadgureba“ Sesrulebis drois xangrZlivobas, sainformacio
komutaciuri ukukavSiriT dadasturebas davalebis Sesrulebis Sesaxeb,
rac zrdis SeiaraRebuli Zalebis maRalefeqturobas.
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Sedgenili cilindruli garsis arastacionaluri
deformaciis sakiTxisaTvis

T. bacikaZe, n. murRulia, j. niJaraZe

(saqarTvelos  teqnikuri  universiteti, m. kostavas 77,
0175, Tbilisi, saqarTvelo)

reziume: naSromSi ganixileba orfeniani cilidruli garsi, romlis
gare fena emorCileba hukis kanons, xolo Siga fenis masala ver
ewinaaRdegeba Zvris deformacias. aqedan gamomdinare deformaciebs
arastacionaluri xasiaTi aqvT. ostogradski-hamiltonis principze
dayrdnobiT [1] miRebulia ZiriTad gantolebaTa sistema romlis
amoxsisaTvis gamoyenebulia sasrul sxvaobaTa ricxviTi integrebis
meTodi.
sakvanZo sityvebi: denadobis zRvari, fena, Zabva, Zabvebis deviatori,
deformacia, gadaadgilebebi,  plastikuri denadoba, sferuli denadobis
zedapiri, Zalvebi.

1. Sesavali
ganixileba  orfenovani cilindruli garsi, romlis Siga zedapiri

warmoadgens drekad-plastikuri Tvisebebis mqone liTons, xolo gare fena
izotropul drekad masalas, romelic xasiaTdeba mcire winaaRmdegobiT
ganivi Zvrisadmi. aqedan gamomdinare,  gare fenas,  masSi  denadobis zRvris
toli Zabvebis ganviTarebisas, ekargeba unari winaaRmdegoba gauwios gare
datvirTvas da amis Sedegad garsis muSaobaSi mxolod inerciulad
monawileobs.

2. ZiriTadi nawili
garsis gaangariSebis dawyebamde miviCnioT, rom misi Siga fena

eqvemdebareba kirhxofis hipoTezas da gare fenis normali Sualed
sibrtyesTan adgens kuTxes. fenebis sakontaqto zedapirze SesaZlebelia
arsebobdes Zabvebis wyveta.

damoukidebel parametrebad avirCioT: fenebisaTvis saerTo normaluri

gadaadgileba , Sua zedapiris wertilebis grZivi da mxebi gadaadgileba

, da kuTxe , romelic elementis gare fenis daxras gansazRvravs.
Siga da gare fenebis Sexebis zedapirze gadaadgilebaTa uwyvetobis

pirobebis gamoyenebiT miviRebT gare fenis Sua zedapiris wertilebis mxeb
da grZiv gadaadgilebebs

აქ Siga fenis sisqea, gare fenis sisqe, da wertilis
koordinatebia, grZivi da wriuli koordinatebi; fenebisaTvis saerTo

normaluri gadaadgileba garsis saerTo sisqesTan fardobaSi, ;
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, , , Sualed sibrtyeze mdebare wertilebis gadaadgilebebia -
Sesabamisad grZivi da mxebi mimarTulebiT.

gadaadgilebaTa aRniSnul ganawilebas garsis sisqis mixedviT
deformaciaTa cvlilebis Semdegi forma Seesabameba:

sadac da Siga da gare fenebis wertilebis daSorebaa maT Sesabamis
Sualedur sibrtyeebamde normalis mimarTulebiT.

garsis gare fenaSi Zabvebi da deformaciebi erTmaneTTan hukis kanoniT
arian dakavSirebuli

da drekadobis moduli da puasonis koeficientia.
Zabvebsa da deformaciebs Soris kavSiri Sida drekad-plastikuri

fenisaTvis plastikurobis Teoriis diferencialuri gantolebebiT dgindeba.
saWiroa jamuri deformacia warmovadginoT Semdegi jamis saxiT:

masalis plastikuri denadoba aRiwereba  sferuli denadobis zedapirze

aqtiuri Zabvebis deviatoris Senaxvis gziT.  aris sfero ZabvaTa deviatoris

sivrceSi, romlis centris koordinatebi ganisazRvreba Siga Zabvebis - Rij

sididiT

 20222 3 d xyyxyx SSSSS ;

sadac ; :; ; .
აქ ganmtkicebis parametria Siga fenis denadobis zRvari.

plastikuri deformaciebis nazrdebi aqtiur ZabvaTa deviatoris
komponentebTan Semdegnairad arian dakavSirebuli

   










0roca0,da0roca 



,0

;S3;yx:2 xy
p
xxyx

p
xx SS



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

71

sruli plastikuri deformaciebi warmodgebian Semdegi jamis saxiT

Sesabamisi Zabvebi gamoiTvleba cnobili formulebiT [2], xolo maTi
saSualebiT moiZebneba Siga Zalebi da momentebi:

 1
g

1
d   Hijij

11 ;
აქ 1

g - gare fenis ZabvaTa intensivobaa.
gadaadgilebaTa nazrdi, iseve rogorc sasazRvro pirobebi moiZebneba
hamilton-ostogradskis principidan gamomdinare

;

sadac , აქ და Siga da gare fenebis simkvrivea;

, , uganzomilebo Zalvebi da momentebia, romlebic Seesabamebian

Semdeg sidideebs:

-zedapiruli datvirTvebis mdgenelebia.
sawyis pirobebs eqnebaT Semdegi saxe:

როცა t=0 vvuu   ; ;
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ganivi da  tangencialuri mimarTulebiT

როცა

Tu datvirTva sibrtyis simetriulia, simetriis xazze damatebiTi
pirobebi warmoiqmneba. es pirobebia

.
amgvarad agebuli  gantolebaTa sistema amoixsneba ricxviTi integrebis

saSualebiT, sasrulო sxvaobaTa meTodis daxmarebiT.

3. daskvna
agebulia orfeniani  cilindris mzidunarianobis saangariSo gantolebaTa

sistema, roca cilindris Siga fena liTonisaa, drekad-plastikuri TvisebebiT,
gare fenis masala Zvras ver ewinaaRmdegeba da amitom deformaciebs
arastacionaruli xasiaTi aqvT.

miCneulia,  rom gare fena emorCileba hukis kanons. Siga fenisaTvis
damokidebuleba Zabvebsa da deformaciebs Soris plastikurobis Teoriis
diferencialuri gantolebebiT dgindeba. denadobis zedapirad  sferoa
aRebuli ZabvaTa deviatoris sivrceSi da aRiwereba aqtiuri Zabvebis
deviatoris Senaxvis gziT.

ostogradski-hamiltonis principze dayrdnobiT  miRebuli, gaaadgilebaTa
ganmsazRvreli gantolebaTa sistema ixsneba sasrul sxvaobaTa ricxviTi
integrebis meTodiT.

liteartura
1.Фельштейн В.А. Исследование упруго-пластических деформаций двухслойной оболочки при
динамитческом нагружении. Изв. АНСССРМТТ 1973 г. №3.
2. Leech I.W. Numerical calculation technique for long elastic- plastic transient deformation of thin shell //
AJAA, 1968, #12.
3. T. bacikaZe, n. murRulia, j. niJaraZe. Sedgenili cilindris plastikuri
deformaciebi. samecniero-teqnikuri Jurnali „mSenebloba“  #3(10). 2008 w. Tbilisi.
4. T. bacikaZe, n. murRulia, j. niJaraZe. sqelkedliani, Rrutaniani cilindruli
garsis mzidunarianoba gare da Siga dawnevis moqmedebisas. samecniero-teqnikuri
Jurnali „mSenebloba“  #4(19). 2010 w. Tbilisi.

5. T. bacikaZe, n. murRulia, j. niJaraZe. sqelkedliani cilindruli garsebis
aradrekadi deformaciebi mudmivi temperaturuli gradientis da wnevis
pirobebSi.samecniero-teqnikuri Jurnali „mSenebloba“  #2(5). 2007 w. Tbilisi.
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sivrceSi mocemuli amozneqili mravalkuTxedis mimarT
wertilis mdebareobis dadgena, Tu wertili da

mravalkuTxedi erT sibrtyeze mdebareobs

i. maspinZeliSvili, i. qadaria
(saqarTvelos teqnikuri universiteti, m. kostavas # 77, 0175, Tbilisi,

saqarTvelo)
reziume: dadgenilia sivrceSi mocemuli amozneqili mravalkuTxedis
mimarT wertilis mdebareobis pirobebi. kerZod, ra pirobebi unda
sruldebodes, mdebareobdes mravalkuTxedis areSi, an mis gareT, Tu
wertili da mravalkuTxedi erT sibrtyeze mdebareobs.
SemoTavazebuli meTodi, SeiZleba gamoyenebul iqnas geodeziis,
mxazvelobiTi geometriis da samSeneblo meqanikis praqtikuli amocanebis
amoxsnaSi.
sakvanZo sityvebi: amozneqili mravalkuTxedi, mravalkuTxedis are,
naxevarsibrtye, monakveTi, wertili, wrfis gantoleba.

1. Sesavali
studentTa momzadebis done ZiriTadad ganpirobebulia saswavlo-

meToduri saxelmZRvaneloebis xarisxiT. mxazvelobiTi da analizuri
geometriis swavlebaSi mniSvnelovania iseTi amocanebis dasma da gadawyveta,
romelTa Seswavlac studentebs gamoumuSavebs logikur azrovnebas,
aumaRlebs sagnisadmi interess da ganuviTarebs damoukidebeli muSaobis unar-
Cvevebs.

2. ZiriTadi nawili
zogadi amocana. amozneqili mravalkuTxedis wveroebia wertilebi:

);;( 1111 zyxA , );;( 2222 zyxA , );;(, nnnn zyxA . amave sibrtyeze mocemulia wertili

);;( 0000 zyxB .

davadginoT pirobebi, rodesac );;( 0000 zyxB wertili mdebareobs

mravalkuTxedis areSi; Tu mravalkuTxedis gareTaa, davadginoT naxevarsibrtye,

romelSic );;( 0000 zyxB wertilia.

amoxsna. ganvixiloT mravalkuTxedi 54321 AAAAA . SevadginoT wrfis

gantoleba, romelic gadis );;( 0000 zyxB wertilze da mravalkuTxedis romelime

wveroze, vTqvaT );;( 1111 zyxA -ze (nax.1),

.
01

0

01

0

01

0

zz
zz

yy
yy

xx
xx










 (L1)

(L1) (L2)
A5 A4

A3

 



A2

A1 B

C

nax. 1
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vipovoT (L1) wrfis gadakveTis wertili mravalkuTxedis romelime

gverdis Semcvel wrfesTan, magaliTad );;( 2222 zyxA da );;( 3333 zyxA wveroebze

gamaval wrfesTan, romlis gantolebaa

.
23

2

23

2

23

2

zz
zz

yy
yy

xx
xx












(L2)

gadakveTis wertili iqneba
































23

2

23

2

23

2

01

0

01

0

01

0 ,

zz
zz

yy
yy

xx
xx

zz
zz

yy
yy

xx
xx

gantolebaTa sistemis amonaxsni. vTqvaT, es wertilia );;( 111 zyxC  ; );;( 0000 zyxB
wertili, rom mdebareobdes mravalkuTxedis areSi unda Sesruldes Semdegi

pirobebi: 1. );;( 111 zyxC  wertili unda ekuTvnodes 32 AA gverds, e.i.

|||||| 3232 CACAAA  ; 2. );;( 0000 zyxB wertili unda ekuTvnodes CA1 monakveTs, e.i.

|||||| 11 BCBACA  .

Tu ar sruldeba pirveli piroba, maSin vipovoT (L1) wrfis gadakveTis

wertils );;( 3333 zyxA da );;( 4444 zyxA wveroebze gamaval wrfesTan. SevamowmebT es

gadakveTis wertili ekuTvnis Tu ara 43 AA gverds da a.S. sxva SemTxvevaSi

);;( 0000 zyxB wertili iqneba mravalkuTxedis gareT, romelime naxevarsibrtyeSi,

(nax. 2).

nax. 2

amocana 1. amozneqili oTxkuTxedis wveroebia wertilebi: 







3

1
;1;41A , ),1;1;2(2A

)1;0;4(3 A ,






 

2

1
;

2

1
;

2

9
4A . amave sibrtyeze mocemulia wertili 








12

1
;

4

3
;

4

15B .

davadginoT, B wertili oTxkuTxedis areSi mdebareobs  Tu gareT; Tu ar
mdebareobs, davadginoT naxevarsibrtye, romelSic B wertili iqneba, (nax. 3).

amoxsna.

(L1

) (L2

)

A5 A4

A3







A2

A1

B
C1

B

B

(L1)

(L2)

C2

A4

A3



A2

A1

C1

B

(L3)

nax. 3
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SevadginoT wrfis gantoleba, romelic gadis 







12

1
;

4

3
;

4

15B wertilze da

oTxkuTxedis romelime wveroze, vTqvaT )1;1;2(2A -ze,

12

11
1

4

1
1

4

7
2









 zyx .                              (L1)

vipovoT (L1) wrfis gadakveTis wertili )1;0;4(3 A da 





 

2

1
;

2

1
;

2

9
4A

wveroebze gamaval wrfesTan, romlis gantolebaa

2

1
1

2

1

2

1
4 


 zyx .                                 (L2)


























.

2

1
1

,

2

1

2

1
4

,1
12

11
,1

4
,2

4

7

zyx

tztytx

2

3
t ,

8

37
x ,

8

5
y ,

8

3
z . SevamowmoT, 






 

8

3
;

8

5
;

8

37
1C wertili ekuTvnis Tu

ara 43 AA gverds; e.i.
2

3
|| 43 AA , 3

8

5
|| 13 CA ,

8

3
|| 41 AC . maSasadame,

|,||||| 411343 ACCAAA  amitom 1C wertili ar ekuTvnis 43 AA gverds. vipovoT

(L1) wrfis gadakveTis wertili 







3

1
;1;41A da 






 

2

1
;

2

1
;

2

9
4A wveroebze gamaval

wrfesTan, romlis gantolebaa

6

5
3

1

2

1
1

2

1
4









 zyx .                              (L3)




























.

6

5
3

1

,

2

1
1

2

1
4

,1
12

11
,1

4
,2

4

7

zyx

tztytx

3

4
t ,

3

13
x ,

3

2
y ,

9

2
z . SevamowmoT, 






 

9

2
;

3

2
;

3

13
2C wertili ekuTvnis Tu

ara 41 AA gverds; e.i.
6

43
|| 41 AA ,

9

43
|| 21 CA ,

18

43
|| 42 AC . maSasadame,

|||||| 422141 ACCAAA  da 2C wertili ekuTvnis 41 AA gverds.
9

571
|| 22 CA ,

12

571
|| 2 BA ,

36

571
|| 2 BC ; e.i. |||||| 2222 BCBACA  , amitom B wertili

oTxkuTxedis areSi mdebareobs.
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amocana 2. amozneqili oTxkuTxedis wveroebia wertilebi: )5;3;0(1 A ,

)1;2;1(2 A , )0;2;0(3A , 





 


1;

3

7
;

3

2
4A . amave sibrtyeze mocemulia wertili 








4

5
;

2

3
;

4

5B .

davadginoT, B wertili oTxkuTxedis areSi mdebareobs Tu gareT; Tu
ar mdebareobs, davadginoT naxevarsibrtye, romelSic B wertili iqneba,
(nax. 4).

amoxsna.

nax. 4

SevadginoT wrfis gantoleba, romelic gadis 







4

5
'

2

3
;

4

5B wertilze da

oTxkuTxedis romelime wveroze, vTqvaT 





 


1;

3

7
;

3

2
4A -ze,

4

9
1

6

5
3

7

12

23
3

2








 zyx
.                            (L1)

vipovoT (L1) wrfis gadakveTis wertili )5;3;0(1 A da )1;2;1(2 A
wveroebze gamaval wrfesTan, romlis gantolebaa

4

5

1

3

1








zyx .                              (L2)


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










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
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


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9
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5
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3

2

,54,3,
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13

22
t ,

13

22
x ,

13

17
y ,

13

23
z . SevamowmoT, 








13

23
;

13

17
;

13

22
1C wertili ekuTvnis Tu

ara 21 AA gverds; e.i. 23|| 21 AA , 2
13

66
|| 11 CA , 2

13

27
|| 21 AC ; maSasadame,

|||||| 211121 ACCAAA  , amitom 1C wertili ar ekuTvnis 21 AA gverds.

vipovoT (L1) wrfis gadakveTis wertili )1;2;1(1 A da )0;2;0(3A
wveroebze gamaval wrfesTan, romlis gantolebaa

1

1

0

2

1

1 






 zyx

.                              (L3)

























.

4

9
1

6

5
3

7

12

23
3

2

,1,2,1

zyx

tzytx

10

9
t ,

10

1
x , 2y ,

10

1
z . SevamowmoT, 






 

10

1
;2;

10

1
2C wertili ekuTvnis

Tu ara 32 AA gverds; e.i. 2|| 32 AA , 2
10

9
|| 22 CA , 2

10

1
|| 32 AC ; e.i.

|||||| 322232 ACCAAA  , amitom 2C wertili ekuTvnis 32 AA gverds.
30

1358
|| 42 AC ,

20

1358
|| 2 BC ,

12

1358
|| 4 BA ; e.i. |||||| 4242 BABCAC  da B wertili oTxkuTxedis

areSi ar mdebareobs. 1358
130

9
|| 21 CC ,

52

1358
|| 1 BC ,

20

1358
|| 2 BC ; radganac

|||||| 2121 BCBCCC  , amitom B wertili mdebareobs 21CC monakveTze.

3. daskvna

sivrceSi dadgenilia erTsa da imave sibrtyeze mocemuli amozneqili
mravalkuTxedis da wertilis urTierTmdebareobis ganmsazRvreli
pirobebi, romlebic Semowmebulia praqtikuli amocanebis amoxsniT.
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gamWimavi centridanuli Zalebis gavlena diskis
kuTxur siCqaresa da datvirTvis intensivobaze

d. janyaraSvili, d, tabataZe, k. iaSvili, l. qristesiaSvili
(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,

Tbilisi, saqarTvelo)
reziume: drekadi rgoluri, xistad Camagrebuli diskis Runva

centridanul ZalTa velSi daiyvaneba or cvladi koeficientebis mqone
diferianculi gantolebis amoxsnaze. am ori diferencialuri
gantolebis nacvlad ixsneba maTi eqvivalenturi volteris tipis
integraluri gantoleba, ricxviTi meTodiT, SemoTavazebuli m.S.
miqelaZis mier.
sakvanZo sityvebi: drekadi rgoluri diski, Runva, diferianculi
gantoleba,volteris tipis integraluri gantoleba, ricxviTi meTodi.

1. Sesavali
brunavi rgoluri diskebi farTod gamoiyeneba Tanamedrove teqnikaSi,

aviaciis mSeneblobaSi, gemT mSeneblobaSi da sxva. maTi muSaobis Seswavla
drekad da aradrekad stadiaSi aris aqtualuri amocana Tanamedrove
samSeneblo meqanikis.

ZiriTadi sirTule brunavi diskebis gaangariSebis aris gadamwyvet
gantolebaTa sistemis integrireba. rogorc cnobilia aseTi amonaxsnebi zusti
formiT miRebulia mxolod zogierTi kerZo amocanebisTvis. praqtikuli
amocanebisTvis saWiroa moaxloebiTi ricxviTi meTodebis gamoyeba. zemoT
moyvanili amocanis amoxsnisTvis gamoyenebulia erT-erTi ricxviTi meTodi
SemoTavazebuli m. S. miqelaZis mier.

drekadi rgoluri Tavisuflad dayrdnobili  diskis Runva centridanul
ZalTa velSi daiyvaneba or cvlad koeficientebis mqone diferianculi
gantolebis amoxsnaze. am ori dif gantolebis nacvlad ixsneba maTi
eqvivalenturi meore gvaris  volteris tipis integraluri gantoleba sistema,
ricxviTi meTodiT, SemoTavazebuli m. S. miqelaZis mier.

ricxviTi eqsperimentis safuZvelze dadginda, rom zRvruli
damokidebuleba diskis kuTxur siCqares da datvirTvis intensiobas Soris
drekad stadiaSi, gamWimavi centridanuli Zlebis gaTvaliswinebiT da mis
gareSe aris 2,32%-is farglebSi.

2. ZiriTadi nawili
davamyaroT kavSiri diskis zRvrul kuTxur siCqaresa da RerZul

Zabvebs Soris.  vTqvaT mudmivi sisqis mqone Sida konturiT Tavisuflad
dayrdnobili diskze moqmedebs RerZuli Tanabrad ganawilebuli datvirTva

intensiobiT - q.
diskis Runvis diferencialur gantolebas centridanul Zalvebis velSi

aqvs Semdegi saxe:

+[ + ] +[ -
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(1)

, b

sadac - radialuri Zala, romelic araa damokidebuli diskis Runvaze
da gamoiTvleba Semdegi diferencialuri gantolebidan:

X1(r) (r)+ (r) (r)=f(r) (2)

aq , , f(r)=- , .

sadac - aris r - rdiusis diskis cilindruli kveTis mobrunebis kuTxe;

- cilindruli sixiste gaWimvisas, - puasonis koeficienti, - drekadobis

moduli, - masalis moculobiTi wona, - brunviTi siCqare, g - Tavisuflad

vardnili sxeulis aCqareba, - gadamWreli Zala

C - integrebis mudmiva, romelic ganisazRvreba sasazRvro pirobebidan, a da b -
diskis Sida da gare konturebis radiusebia.

amrigad diskis Runvis amocana daiyvaneba (1)   da (2)   diferencialuri
gantolebis amoxsnaze. momavalSi gaangariSebisTvis visargebloT

uganzomilebo koordinatebiT , sadac . axali cvladis SetaniT

Semdegi formuliT:

N( ( )exp0.5 d ( ) (3)

gantoleba (2) daiyvaneba Semdeg saxeze:

( ( ( ( (4)

sadac ( - +0.75 -0.5

( =- (5)

teiloris formulis gamoyenebiT:

N( ( (6)
(6)-is (4)-Si CasmiT, miviRebT:

( ( + ( ( (7)
es ukanaskneli aris volteras tipis meore rigis integraluri gantoleba,

romelic warmovadginoT Semdegi jamis saxiT:

( ( ( ( ( (8)
( ( და ( ganisazRvreba Semdegi integraluri tolobiT:

( ( ( (

( ( ( (9)

( = ( (
(1) integraluri gantoleba, daiyvaneba Semdeg saxeze:

( (10)
,
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sadac +0.75 +1.5 + ( ),

( = (11)

SemoviRoT axali cvladi:

Q( ( )exp0.5 ( ) (12)

teiloris formulis Tanaxmad

( (13)
(12)-i CavsvavT (1)-Si miviRebT volteris tipis  meore rigis integralur

gantolebas:

( (14)
misi amonaxsni veZeboT Semdegi formiT:

(15)
sadac (

= (16)

amrigad (7) da (14) cvlian (13) da (1) gantolebebs.
am gantolebebis amoxsna umjobesia ricxviTi meTodiT SemoTavazebuli

m.S. miqelaZis mier rekurentuli formiT.
gantolebebi (8) da (15) SevcvaloT sasruli jamiT:

(

=

=
(17) damokidebulebebi miiReba integrebis trapeciis formulis

gamoyenebiT, ∆ da k aris Sesabamisi biji da dayofis nomeri. N(ρ) da ϑ(ρ)
gamoiTvleba formulebiT:

N( [ N( + ( (18)

= [ + ( (19)
maT warmoebulebs aqvT Semdegi saxe:

,

,
integrals, Tu SevcvliT sasruli jamiT trapeciis formulis

gamoyenebiT, miviTebT:

+ +

+ (20)
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+ + + (21)
(7) da (13) integraluri gantolebebis amoxsna Seicavs ucnob parametrs

N(ρ) da ϑ(β)-s da maT warmoebulebs ρ=β (r=b) wertilSi. maT sapovnelad
gamoiyeneba sasazRvro pirobebi.

amrigad zemoT aRwerili meTodi gvaZlevs saSualebas vipovoT saerTo
amonaxsni.

davamyroT damokidebuleba diskze mdebuli datvirTvis intensiobas da

diskis kuTxur siCqares Soris. diskis RerZi mimarTulia (z) RerZis gaswvriv
vertikalurad zemoT, xolo ganawilebulli datvirTva modebulia diskis

zeda nawilSi z=h/2
sasazRvro pirobebs, roca diski xistad aris Camagrebuli Sida

konturiT aqvs Semdegi saxe:

U( , roca ,
, roca .

sadac U( radialuri gadaadgilebaa.
Zalvebi radialuri da rgolis mimarTulebiT gamoiTvleba formuliT:

[

[ (22)
wonasworobis gantoleba:

sasazRvro pirobebi axali cvladisTvis iqneba

N(
N( (23)

radialuri Zabvebi ar aris damokidebuli RunviT deformaciaze. isini
gamoiTvleba brunviTi diskis amocanidan formuliT:

(24)

(7) integraluri gantolebis amoxsnis N( და mniSvnelobebi
sasazRvro pirobebis gaTvaliswinebiT gamoiTvleba  parametris sizustiT. es
ukanaskneli Seva (23 ) formulebSi.

zRvruli kuTxuri siCqare, romelsac Seesabameba pirveli plastikuri
deformacia Sida wriul konturze ρ=β, gamoiTvleba denadobis pirobidan:

(25)
sadac და - radialuri da rgoluri normaluri Zabvebia, xolo -

masalis denadobis zRvaris sidide gaWimvis dros. და diskis Sida
konturze gamoiTvleba formuliT:
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(26)

ganvixiloT SemTxveva, rodesac diski Sida konsturiT xistad aris
Camagrebuli, datvirTvis intensiobiT q, diskis kuTxuri siCqare mocemulia

0 sazRvrebSi, (14) gantolebis amoxsnisaTvis sasazRvro pirobas aqvs

saxe:

როცა
როცა

gamoviyenoT mRunavi momentis gamosaTvleli formulebi და
[

[

agreTve

sasazRvro pirobebi:

, როცა (27)

axali cvladebis mimarT momentebi gamoiTvleba formulebiT:

{

{

ganawilebuli datvirTvis intensioba q maqsimalur mniSvnelobas
Rebulobs, roca diski gaCerebulia. mis mniSvnelobas gamovTvliT

plastikurobis sawyisi pirobidan და gamoiTvleba
formulebiT:

(28)

ganvixiloT ricxviTi magaliTi: diski h( ; ,
0.00785 კგ/სმ3, =0.3, =-0.6, E=2.1 10-6 კგ/სმ2, =2500კგ/სმ2, q=const.

radialuri da rgoluri Zalvebi gamoiTvleba formuliT:

[(3+

[(1+

mocemuli sidideebis Casmis Semdgom:
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diskis Sida konturze Zabvebi tolia:

(0.2)= =36.09554∙ (29)

radagan
denadobis piroba am SemTxvevaSi miiRebs saxes:

= (30)
zRvruli kuTxuri siCqare, romelic Seesabameba pirvel plastikur

deformaciebs Sida konturze (ρ=0.2) gamoiTvleba denadobis pirobidan (30 )-is
(29) -Si CasmiT:

=2500

aqedan = =483.50 1/წმ.

diskis Runva centridanul Zalvebis velSi.
radgan centridanuli Zalvebi asruleben gantvirTviT zemoqmedebas

mRunav momentze, amitom maqsimaluri mniSvneloba datvirTvis intensiobis
iqneba diskis uZraobis SemTxvevaSi. mRunavi momenti radialur da rgolis
mimarTulebiT tolia:

diskis Sida konturze (roca =0.2, z=0.5 ) Zabvebi Rebuloben Semdeg
mniSvnelobebs:

radgan denadobis piroba toli iqneba (30)-ის. funqciebi (
და ( Rebuloben Semdeg saxes:

sasazRvro pirobebs aqvT Semdegi saxe:

როცა
როცა (32)

Zabvebi Sida konturze tolia:

(33)

(32) pirobebis Tanaxmad:
-0.912942

aqedan
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Zabva Sida konturze, roca tolia:

(34)

Tu SevadarebT (34) da (33) gamosaxulebebs Zabvebs Soris sxvaoba aris
2.42%.

datvirTvis intensiobis zRvruli mniSvneloba, romelsac Seesabameba

plastikuri deformacia diskis Sida konturze (როცა =2, z=0.5 ), ganisazRvreba
denadobis pirobidan: 377.052

saidanac კგ/სმ2.
zemoT moyvanili meTodiT gamoTvlilia damokidebuleba kuTxur

siCqaresa da zRvrul datvirTvis intensiobas Soris.

3. daskvna

1. diskis Runvis amocana centridanul ZalTa velSi daiyvaneba ori cvlad
koeficientebian diferencilauri gantolebis amoxsnaze. am ori
diferencilauri gantolebis nacvlad ixsneba maTi eqvivalenturi
volteris tipis integraluri gantoleba ricxviTi meTodiT,
SemoTavazebuli m.S. miqelaZis mier.

2.ricxviTi eqsperimentis safuZvelze dadginda, rom zRvruli
damokidebuleba diskis kuTxur siCqares da datvirTvis intensiobas Soris
drekad stadiaSi, gamWimavi centridanuli Zlebis gaTvaliswinebiT da mis
gareSe aris 2,32%-is farglebSi.

liteartura

1. Микеладзе М.Ш. Численное решение систем дифференциальных уравнений.
Приложение метода к расчету вращающей оболочкию Прикладная математика и
механика. т.XVII, В., 3, 1953 г. 295.გვ
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betonis Semkvrivebis centrifugis meTodi

d. baqraZe, T. amyolaZe

(saqarTvelos teqnikuri universiteti, m. kostavas # 77, 0175,
Tbilisi, saqarTvelo)

reziume: betonis dayalibebis da centrifugirebis meTodi gamoiyeneba
racionaluri da efeqturi milisebri formis ximinjebis,
eleqtrogadamcemi da ganaTebis boZebis da sxva konstruqciebis
damzadebis dros. milebisa da milovani konstyruqciebis centridanul
dayalibebas axorcieleben dazga-centrifugaSi, romelSic cilindruli
yalibi betonis narevTan erTad brunavs saWiro siCqariT.
axladCawyobili betonis xarisxis ZiriTad maCveneblad iTvleba
Semkvrelebis xarisxi romelic ricxobrivad tolia Semkvrivebuli
betonis narevis, betonis “Teoriuli” simkvrivesTan.
sakvanZo sityvebi: centrifuga, Semkvriveba, ganSreveba, erTgvarovneba,
centridanuli, brunvis ricxvi, kuTxuri siCqare.

1. Sesavali
betonis simtkice didadaa damokidebuli Semkvrivebis xarisxze.

saWiroa betonis narevis iseTi konsistencia, rom SeiZlebodes misi
advilad da ganSrevebis gareSe gadatana, Cawyoba da Semkvriveba.

Semkvrivebis aucilebloba naTeli xdeba Tu SeviswavliT
damokidebulebas Semkvrivebis xarisxsa da betonis simtkices Soris.
forebis arseboba mkveTrad amcirebs betonis simtkices: 5% fors SeuZlia
simtkice Seamciros 30%-iT, 2% ki 10%-ze metad. TiToeuli nakeTobis
Semkvrivebis dro damokidebulia mis moculobaze, betonis narevis
maxasiaTeblebze da Semkvrivebis saxeobaze. rogorc wesi, Semkvrivebis dro
sawarmoo pirobebSi dgindeba eqsperimentulad.

2. ZiriTadi nawili
milisebri nakeTobis centridanuli dayalibebis dros betonis narevis

ganawileba da Semkvriveba warmoebs centridanuli Zalebis N zemoqmedebiT,
yalibSi Cqari brunviT, romelTa sidide misi komponentebis m masis

proporciulia: N = r 2 m
sadac r _ brunvis radiusia;  _ kuTxuri siCqare; m _ komponentebis

masaa.
amasTan erTad narevis TiToeuli komponenti simZimis mg Zalis

zemoqmedebaSia. am Zalebis tolqmedi _ P brunvis nebismier wertilSi
SeiZleba ganisazRvros formuliT
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yalibis yvelaze qveda wertilSi, rodesac cosa = -1, tolqmedi Pq

tolia: Pq = m (r2 +g) da aRwevs maqsimums.

nax. 1. narevis komponentebze momqmedi Zalis sqema dayalibebis dros

yalibis yvelaze zeda wertilSi, rodesac (cosa =1) tolqmedi Pz tolia:

Pz = m (r2 - g)
amgvarad, imisaTvis, rom Semkvriveba centrifugirebisas efeqturi iyos,

saWiroa, rom centridanuli Zalebi simZimis Zalebze naklebi ar unda iyos

r2 > g
betonis narevis saimedo SemkvrivebisaTvis aucilebelia, rom

r2 = 4 g
praqtikaSi saSualo diametris milisebri konstruqciisaTvis yalibis

brunvis sawyisi ricxvi miiReba 60...150br/wT; amasTan, rac metia diametri miT
naklebia brunvaTa ricxvi. Semkvrivebis stadiaSi yalibis brunvaTa ricxvs
zrdian 400...900br/wT-mde da metad. am dros centrifugaSi dawneva betonis
narevze TandaTan izrdeba 0,0175-dan 0,065mgpa-mde; giroskopul centrifugaSi
igi aRwevs 0,145mgpa.

betonis narevis centridanuli Semkvrivebis dros arsebobs misi
ganSrevebis tendecia. es aixsneba imiT, rom Semvsebis marcvlebis masa metia
wylis, cementis marcvlebis da mineraluri danamatebis masaze. aqedan
gamomdinare SedarebiT msxvil nawilakebze momqmedi centridanuli Zalebis
mniSvneloba metia mcire nawilakebze momqmed ZalebTan SedarebiT. Sedegad,
msxvili Semavsebeli ekvris yalibis kedels, xolo wyali myari fazis
dispersuli nawilakebiT iwureba da grovdeba Slamis saxiT formirebuli
nakeTobis Siga zedapirze.  gamowuruli wylis raodenobam, centrifugirebis
reJimis, narevis Semadgenlobisa da maxasiaTeblebis mixedviT SeiZleba
miaRwios 25...30%-s, aduRabebis wylis raodenobasTan SedarebiT. es ki
rasakvirvelia zrdis betonis simkvrives nakeTobis gare SreebSi.

mTlianobaSi betonis struqtura elementis kveTSi araTanabaria _ Zalian
mkvriv gare SreebTan erTad gvaqvs Sinagani Sreebis forovani struqtura. amis
Tavidan acilebisa da narevis ganSrevebis SemcirebisaTvis zRudaven Semvsebis
udides simsxos (15...20mm), irCeven sakmaod blant da plastikur narevebs, xolo
Tu milisebr nakeTobaSi aucilebelia gansakuTrebiT mkvrivi da wyalgaumtari
betonis miReba, maSin nakeTobis  dayalibeba xdeba etapobrivad ramodenime

z

q
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Sred (oridan oTxamde), Siga zedapiridan Slamis moSorebiT, dayalibebis
TiToeuli etapis Semdeg.

milebisa da milovani konstruqciebis centridanul dayalibebas axorci-
eleben dazga-centrifugaSi, romelSic cilindruli yalibi betonis narevTan
erTad brunavs saWiro siCqariT, yalibis damagrebis xerxisa da misi brunvaSi
moyvanis mixedviT ansxvaveben centrifugebis sam tips (nax.2)

nax. 2. centrifugebis sqema: erTriga gorgolaWovani centrifuga: 1-amZravi
gorgolaWi; 2-damcavi Cangali; 3-yalibi; 4-damWeri gorgolaWebi;
a) RerZula centrifuga: 1-Zravi; 2-vegi reduqtoriT; 3-yalibis damWeri

torsuli planSaibebi; 4-yalibi; 5-vegi gaqanebis ZraviT;
g) Rveduri giroskopiuli centrifuga: 1-amZravis gadaRobva; 2-wamyvani

lilvi; 3-mimyoli lilvi; 4-Rvedebi; 5-damcavi garsacmi; 6-damWeri
gorgolaWebi; 7-yalibi

centrifugis tipebis mokle daxasiaTeba aseTia:
a) RerZuli, romelSic yalibi mtkiced magrdeba torsebis mxridan

planSaibebiT or vegs Soris, romlebic centralurad arian dasmuli
mbrunav Spindelebze;

b) Tavisufal-lilvebiani, romelSic yalibi Tavisuflad Tavsdeba Tavisi
artaxebiT sagoravebiT da brunviT moZraobaSi modis amZravi
sagoravebiT xaxunis Zalis gavleniT;

g) Rvedebiani giroskopiuli tipi, romelSic yalibi Tavisuflad kidia
Rvedebze da brunviT moZraobaSi modis qsoviljalambara Rvedebisa da
yalibis rebordebs Soris aRZruli xaxunis Zalis gavleniT.

RerZuli da lilvakebiani centrifugebi SeiZleba iyos erT an
mravalbudiani, rac saSualebas iZleva erTdroulad dayalibebuli iqnas
ramodenime nakeToba.

centridanuli dayalibebisaTvis iyeneben dauSlel da daSlad yalibebs.
daSladi yalibi Sedgeba ori naxevaryalibisagan, romlebic awyobis dros
magrdeba erTmaneTTan xraxnebiT.

centrifugaze  nakeTobis dayalibebis procesi sxvadasxva operaciebisagan
Sedgeba. samuSao postebze axorcieleben yalibebis momzadebis, awyobis,
armaturis karkasis dayenebisa da gamagrebis samuSaoebs, xolo sadawneo
milsadenebisa da daZabuli armaturiT sxva nakeTobebis damzadebis dros

a)

b)

g)
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xsenebuli armaturis daWimvis samuSaoebs awarmoeben sabjenebze yalibebis
torsul rgolebze damagrebiT. amis Semdeg betonis narevs awyoben yalibSi
Rarisebri, Snekis tipisa da sxva saxis mkvebavebiT, romlebic saSualebas
iZlevian miawodon betonis narevi mbrunav yalibSi SedarebiT Tanabari
ganawilebiT. Tu es SeuZlebelia, daxuruli torsebis an yalibis
mniSvnelovani sigrZisa da mcire diametris gamo, narevs awvdian bunkeris tipis
mkvebaviT Ria qveda naxevaryalibSi. amis Semdeg yalibs awyoben da aTavseben
centrifugaze da betonis narevs Tanabrad anawileben yalibis kedlebze
brunvis mcire sixSiriT, romelsac Semdgom zrdian betonis narevis srul
Semkvrivebamde, centrifugirebis reJimis mkacri SesabamisobiT. nakeTobis
dayalibebis procesis damTavrebis Semdeg centrifugis brunvis siCqares
TandaTan amcireben mis srul gaCerebamde. yalibSi gamowuruli wylis
arsebobis SemTxvevaSi mas gadmoRvrian. yalibs xsnian centrifugidan da
gadaaqvT Tburi damuSavebis kameraSi.

3. daskvna
axladCawyobili betonis xarisxis ZiriTad maCveneblad iTvleba Semkvrivebis

xarisxi, romelic raodenobrivad ganisazRvreba Semkvrivebis koeficientiT da
ricxobrivad tolia Semkvrivebuli betonis narevis fardobisa betonis `Teoriul~
simkvrivesTan. koeficientis sididea 0,93-dan, xisti narevebisaTvis 0,98-mde da meti
plastikurisaTvis. Teoriuli moculobis gansazRvris daudgenloba arTulebs
maCveneblis gamoyenebas. Seumkvrivebel betonSi sicarielis moculoba (is
Sevsebulia haeriT), mcirdeba Zvradobis matebiT, amitom Seumkvrivebeli narevis
moculobam SeiZleba arsebiTad gadaaWarbos Semkvrivebulis e.i. axladCawyobili
betonis moculobas (cxr.1).

narevis moculobis cvlileba Semkvrivebisas        cxrili 1.

betonis narevi

narevis SefardebiTi moculoba

xisti Zvradi didi Zvradobis TviTSemkvrivebadi

Semkvrivebamde 1,6-mde 1,3-mde 1,07-mde daaxloebiT 1,0

Semkvrivebis Semdeg 1,0

amasTan dakavSirebiT evropul normebSi EN 206-1, betonis narevis klasebi
reglamentirebulia Semkvrivebis xarisxis mixedviT:

 C 0 _ Semkvrivebis maCvenebeli metia 1,46-ze;

 C 1 _ maCvenebliT 1,26...1,45;

 C 2 _ maCvenebliT 1,11...1,25;

 C 3 _ maCvenebliT 1,04...1,10.
magram es maCvenebelic mouxerxebelia praqtikuli gamoyenebisaTvis, radgan

igi Semkvrivebis xarisxs ki ar axasiaTebs, aramed aCvenebs narevis moculobis
Sefardebas Seumkvrivebel da Semkvrivebul mdgomareobaSi.

literatura
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betonis teqnikuri normebi, evropulTan SesabamisobaSi

l. klimiaSvili, d. gurgeniZe, a. Ciqovani
(saqarTvelos teqnikuri universiteti, m. kostavas 77,

0175, Tbilisi, saqarTvelo)
reziume: statiaSi moyvanilia ZiriTadi normatiuli dokumentebis

CamonaTvali, romelic gamoiyeneba Cvens qveyanaSi da evropis
qveynebSi, betonis xarisxis kontrolisaTvis.

sakvanZo sityvebi: betoni, standarti, samSeneblo norma, klasifikacia,
klasi, cementis tipi, masStabi.

1. Sesavali
saqarTveloSi mSeneblobis bumia, TiTqmis yvelaferi Sendeba betoniT da

rkinabetoniT. samwuxarod, CvenTan jer kidev mougvarebeli-dauzustebelia
saxelmwifo standarti mSeneblobaSi, zogjer vsargeblobT Zveli, sabWoTa
kavSirSi miRebuli, zogjer kidev axali rusuli standartiT. bevri investori
iTxovs betonis samuSaoebi Catardes evropuli normebis Sesabamisad. statiaSi
moyvanilia ZiriTadi cnobebi evropul samSeneblo normebze, betonisadmi
wayenebul teqnikur moTxovnebze. maTi gamocdis meTodebze, im ZiriTadi
normatiuli dokumentebis CamonaTvali da aRniSvnebi, romelic gamoiyeneba
evropis gaerTianebis (ES) qveynebis mier. migvaCnia, rom igi sasargeblo iqneba
qarTuli mSenebel-teqnikuri personalisaTvis.

2. ZiriTadi nawili
betonis klasifikacia da teqnikuri moTxovnebi, romelic gamoiyeneba,

rogorc monoliTuri mSeneblobisaTvis, aseve Senobis da nagebobis asawyobi
konstruqciebisa da elementebisaTvis mocemulia evropul standatrSi `EN 206-
1 betonebi~.

EN 206-1-is Tanaxmad betonebis klasifikacia tardeba eqspluataciuri
garemos agresiulobis, simkvrivis da simtkicis maCveneblebis mixedviT.

eqspluataciuri garemos klasebi: eqspluataciis procesSi betoni
ganicdis qimiur, fizikur da meqanikur zemoqmedebas. garemos agresiuloba
fasdeba klasebiT, romelic Tavis mxriv iyofa indeqsebad (cxr.).

sxvadasxva indeqsis, magram erTi klasis agresiuli garemos erTdrouli
moqmedebisas miiReba moTxovnebi, romelic miekuTvneba ufro maRali
agresiulobis garemos.

eqspluataciis garemo cxrili 1
indeqsi eqspluataciis garemo gamoyenebis magaliTebi

1 2 3
1. garemo agresiulobis gareSe

X0 uarmaturo da Casatanebeli deta-lebi
betonisaTvis: yvela garemo garda
gayinva-galxobis zemoqmedebisa, an
qimiuri agresiisa.
rkinabetonisaTvis: Zalian mSrali

mSrali nagebobis SigniT

2. korozia karbonizaciis Sedegad
XC1 mudmivad mSrali an mudmivad teniani

eqspluataciis garemo
dabali tenianobis Siga SenobaSi.
mudmivad wyalSi myofi betoni
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XC2 teniani, zogjer mSrali betonis zedapiri ganicdis xangr-Zliv
datenianebas, saZirkvlebis umetesoba

XC3 zomierad teniani (teniani nageboba,
teniani klimati)

betoni zomieri tenianobis mqone
SenobaSi. betoni Ria haerze, magram
wvimisagan daculi

XC4 monacvleobiTi datenianeba da
gamoSroba

betonis zedapirs periodulad aqvs
kontaqti wyalTan

3. qloridebiT gamowveuli korozia (zRvis wylis garda)
roca betoni foladis armaturiT an Casatanebeli detalebiT ganicdis qloridebis
zemoqmedebas, maT Soris yinvis sawinaaRmdego marilebiT, agresiuli garemo
klasificirdeba Semdegi maCveneblebiT:

XD1 zomieri tenianoba betoni ganicdis im aerozolis
zemoqmedebas, romelsac Seicavs
qloridebi

XD2 teniani, zogjer mSrali sacurao auzi. betoni ganicdis iseTi
samrewvelo wylebis moqmedebas,
romelic Seicavs qloridebs

XD3 monacvleobiTi dasveleba da
gamoSroba

gzebis, trotuarebis, xidebis safari

4. zRvis wyliT gamowveuli korozia
rodesac betoni foladis armaturiT an Casatanebeli detalebiT ganicdis zRvis wylis

an zRvis wylis aerozolis moqmedebas, agresiuli garemo klasificirdeba Semdegi
maCveneblebiT:

XS1 marilebis moqmedeba, magram zRvis
wyalTan kontaqtis gareSe

sanapiro nagebobebi

XS2 mudmivad imyofeba wyalSi sazRvao nagebobis saZirkvlebi
XS3 moqcevis zona, talRebis, mariliani

Sxefebis moqmedeba
sazRvao nagebobis nawili, wylis
cvalebad zonaSi

SeniSvna: zRvis wylis klasifikacia qimiuri agresiis mixedviT miiReba geografiuli regionis
samSeneblo normebiT

5. korozia, gamowveuli cvalebadi gayinviT da galxobiT
cvalebadi gayinvisa da galxobis agresiuli garemo klasificirdeba Semdegi
niSnebiT:

XF1 zomieri wyalgajereba antiSemomyi-
navis gareSe

Senobis da nagebobis vertikaluri
zedapirebi wvimis da yinvis moqme-
debisas.

XF2 zomieri wyalgajereba antiSemomyi-
navis gamoyenebiT

satransporto saSualebebis verti-
kaluri zedapirebi

XF3 Zlieri wyalgajereba antiSemomyi-
navis gareSe

gzebis da sxva nagebobis horizonta-
luri zedapirebi wvimis da yinvis
moqmedebisas

XF4 Zlieri wyalgajereba (maT Soris
zRvis wyliT) antiSemomyinavis
gamoyenebiT

gzebis da xidebis, gare kibis safe-
xurebis da sxva horizontaluri
zedapirebi. sazRvao nagebobis cvladi
donis zona, yinvis moqmedebi-sas.

6. qimiuri agresia
niadagis da gruntis wylebis qimiuri agentebis moqmedebisas, koroziuli

garemo klasificirdeba Semdego niSnebiT
XA1 agresiuli agentebis umniSvnelo

moqmedeba _
XA2 igive, zomieri _
XA3 igive, Zlieri _
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betonebis klasifikacia simkvrivis mixedviT warmodgenilia cxrilSi 2.
betonebis klasifikacia simkvrivis mixedviT cxrili 2

betonis saxeoba aRniSvna simkvrive mSral mdgomareobaSi, kg/m3

mZime C 2000...2600
gansakuTrebiT mZime HC 2600-ze meti
msubuqi LC 800...2000

msubuqi betonisaTvis simkvrivis klasi dgindeba damatebiT (cxr. 3),
igive SeiZleba mocemuli iqnes, rogorc saproeqto maxasiaTebeli
Sedgenilobis gaangariSebisas.

msubuqi betonis klasi simkvrivis mixedviT cxrili 3
klasi simkvrivis

mixedviT
LC 1,0 LC 1,2 LC 1,4 LC 1,6 LC 1,8 LC 2,0

simkvrive, kg/m3 800...1000 1000...1200 1200...1400 1400...1600 1600...1800 1800...2000

betonis klasifikacia simtkicis mixedviT.
simtkicis mixedviT mZime, gansakuTrebiT mZime (zemZime) da msubuqi

betoni iyofa klasebad cxr. 4, 5.

S
e

SeniSvna: standartul cilindrs aqvs 150 mm diametri da 300 mm simaRle,
kubs – wibos zoma 150 mm.

cxrili 4
mZime da zemZime betonis

simtkicis klasebi
betonis
klasi

simtkice, mgpa
cilindri kubi

C 8/10 8 10

C 12/15 12 15

C 16/20 16 20

C 20/25 20 25

C 25/30 25 30

C 30/37 30 37

C 35/45 35 45

C 40/50 40 50

C 45/55 45 55

C 50/60 50 60

C 55/67 55 67

C 60/75 60 75

C 70/85 70 85

C 80/95 80 95

C 90/105 90 105

C 100/115 100 115

cxrili 5
msubuqi betonis simtkicis

klasebi
betonis
klasi

simtkice, mgpa
cilindri kubi

LC 8/9 8 9

LC 12/13 12 13

LC 16/18 16 18

LC 20/22 20 22

LC 25/28 25 28

LC 30/33 30 33

LC 35/38 35 38

LC 40/44 40 44

LC 45/50 45 50

LC 50/55 50 55

LC 55/60 55 60

LC 60/66 60 66

LC 70/77 70 77

LC 80/88 80 88
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SeiZleba sxva zomebis kubis (a) da cilindris ( hd  ) gamoyenebac
masStaburi – gadamyvani koeficientis gaTvaliswinebiT (cxr. 6).

moTxovnebi betonis Sedgenilobisadmi.
betonis Sedgenilobis masalebi ar unda Seicavdes mavne minarevebs im

raodenobiT, rom gamoiwvis betonis xanmedegobis Semcireba da armaturis
korozia.

cxrili 6
masStaburi koeficientis mniSvneloba

nimuSis zomebi, mm
a koeficientis mniSvneloba yvela saxeobis

betonisaTvis, garda ujredovanisa

kubi (a)
70 0,85
100 0,95
150 1,00
200 1,05
300 1,10

cilindri ( hd  )

100200 1,16

150300 1,20

200400 1,24

300600 1,28

cementebisadmi wayenebuli moTxovnebi EN 197-1 normebis Sesabamisad
warmodgenilia cxrilSi 7.

Semvsebebisadmi wayenebuli standartis EN 1262 Sesabamisi moTxovnebia:
petrografiul da granulonetrul Semadgenlobaze, fizikur-meqanikur
maxasiaTeblebze, firfitovnebaze, yinvamedegobaze, cveTamedegobaze da
mtvrovani minarevebis Semcvelobaze.

Semvsebis marcvlebis maqsimaluri zoma iniSneba konstruqciis
minimaluri zomebidan gamomdinare da rom uzrunvelyofili iqnes damcavi
Sris saWiro sisqe. gaucreli Semvsebi an qviSa-xreSis narevi SeiZleba
gamoyenebuli iqnes mxolod C12/13 da naklebi klasis betonebSi. Semvsebis
gamocda tardeba EN 933-1 - EN 933-10 normebis Sesabamisad.

wylis xarisxi da raodenoba unda akmayofilebdes EN 1008 standarts.
qimiuri danamatebi unda Seesabamebides EN 934-2 standarts.
daiSveba ori tipis mineraluri danamati: inertuli (tipi I) da aqtiuri

(tipi II). mineraluri danamati ar unda Seicavdes mavne minarevebs, im
raodenobiT, rom gamoiwvios gavlena betonis xanmedegobaze an moaxdinos
armaturis korozia.

betonSi maqsimaluri raodenobiT dasaSvebi qloridebis Semcveloba,
gamosaxuli qlorid-ionebis procentebSi, cementis masis mimarT, ar unda
aWarbebdes cxr. 8-Si moyvanil mniSvnelobas.
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moTxovnebi Cveulebrivi cementebis Semadgenlobisadmi, EN 197-1-is Tanaxmad
cxrili 7

Zi
r
iT

ad
i 

t
ip
eb

i

Cveulebrivi
cementebis tipebi. 27
produqtis aRniSvna

Semadgenloba (masiTi procentuli Semcveloba)

ZiriTadi Semadgenloba

kl
in

ke
r
i

ma
r
t
en
is

 w
id

a

w
vr

il
i
ka
J-
mi
w
a

mt
ve
r
i

pucolani wanatac-
nacari

g
am
o
mw

va
r
i

f
iq
al

i

kirqva

araZiri-
Tadi da-
matebiTi
Sedge-
nilobabu

ne
br

iv
i

buneb
rivi,
kalc
i-

nireb
uli

ka
Ji
an
i

ki
r
ia
ni

K S D6 P Q V W T L LL
1 2 3 4 5 6 7 8 9 10 11 12 13 14

CEN
I

portland
cementi

CEM I 95-100 _ _ _ _ _ _ _ _ _ 0_5

CEM
II

widaport
land-
cementi

CEM II/A-S 80-94 6-20 _ _ _ _ _ _ _ _ 0_5

CEM II/B-S 65-79 21-35 _ _ _ _ _ _ _ _ 0_5

portland
cementi
kaJmiwa
mtvris
danamatiT

CEM II/A 80-94 _ 6-10 _ _ _ _ _ _ _ 0_5

pucolanur
i por-
tlandceme
nti

CEM II/A-P 80-94 _ _ 6_20 _ _ _ _ _ _ 0_5

CEM II/B-P 65-79 _ _ 21-35 _ _ _ _ _ _ 0_5

CEM II/A-Q 80-94 _ _ _ 6-20 _ _ _ _ _ 0_5

CEM II/B-Q 65-79 _ _ _ 21-35 _ _ _ _ _ 0_5
portland
cementi
wanataci-
nacris
danamatiT

CEM II/A-V 80-94 _ _ _ _ 6-20 _ _ _ _ _

CEM II/B-V 65-79 _ _ _ _ 21-35 _ _ _ _ _

CEM II/A-W 80-95 _ _ _ _ _ 6-20 _ _ _ _

CEM II/B-W 65-79 _ _ _ _ _ 21-35 _ _ _ _

portland
cementi
gamomwvari
Taba-Siris
danamatiT

CEM II/A-T 80-94 _ _ _ _ _ _ 6-20 _ _ _

CEM II/B-T 65-79 _ _ _ _ _ _ 21-35 _ _ _

portland
cementi
kirqvis
danamatiT

CEM II/A-L 80-94 _ _ _ _ _ _ _ 6-20 _ _

CEM II/B-L 65-79 _ _ _ _ _ _ _ 21-35 _ _

CEM II/A-LL 80-94 _ _ _ _ _ _ _ _ 6-20 _

CEM II/B-LL 65-79 _ _ _ _ _ _ _ _ 21-35 _
kompozici
uri
portland
cementi

CEM II/A-M 80-94 6-20 _ _ _ _ _ _ _ _ _
CEM II/B-M 65-79 21-35 _ _ _ _ _ _ _ _ _

CEM
III

widaport
land-
cementi

CEM III/A 35-64 36-65 _ _ _ _ _ _ _ _ _
CEM III/B 20-34 66-80 _ _ _ _ _ _ _ _ _

CEM III/C 5-19 81-95 _ _ _ _ _ _ _ _ _
CEM

IV
pucolanu
ri cementi

CEM IV/A 65-89 _ _ 11-35 _ _ 0_5

CEM IV/B 45-64 _ _ 36-55 _ _ _
CEM

V
kompozici
uri
cementi

CEM V/A 40-60 18-30 _ 18-30 _ _

CEM V/B 20-38 31-50 _ 31-50 _ _

betonSi qloridebis zRvruli dasaSvebi raodenoba cxrili 8

betoni
klasis qloridebis

Semcvelobis mixedviT
Cl_ %, cementis masis

normirebuli betoni C/1 1,0

rkinabetoni
C/03 0,3
C/04 0,4

winaswardaZabuli
rkinabetoni

C/01 0,1
C/02 0,2
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moTxovnebi betonis narevze da betonze eqspluataciis garemoze
damokidebulebiT mocemulia cxrilSi 9.

3. daskvna

moyvanilia ZiriTadi normatiuli dokumentebis CamonaTvali, romelic
gamoiyeneba Cvens qveyanaSi da evropis qveynebSi betonis xarisxis kontrolisaTvis.
gamoadgebaT doqtorantebs, romlebic swavloben samSeneblo normebs da
standartebs, aseve teqnikuri umaRlesi saswavleblis bakalavrebs da magistrantebs,
romlebsac surT aimaRlon codna evropuli normatiuli samSeneblo
dokumentaciis sferoSi.

moTxovnebi betonis narevze da betonze eqspluataciis garemoze
damokidebulebiT* cxrili 9

eqspluataciis garemos klasebi

ar
aa
g
-

r
es

iu
l
i

g
ar

em
o

karbonizacia

qloriduli korozia

gayinva-galxoba
qimiuri
koroziazRvis wyali

sxva
qloriduli
zemoqmedeba

indeqsi XO XC1 XC2 XC3 XC4 XS1 XS2 XS3 XD1 XD2 XD3 XF1 XF2 XF3 XF4 XA1 XA2 XA3
maqsima
luri
w/c

_ 0,65 0,6 0,55 0,5 0,5 0,45 0,45 0,55 0,5 0,45 0,55 0,55 0,5 0,45 0,55 0,5 _

simtki
cis
minima
luri
klasi*
*

12/15 20/25 25/30 30/37 35/45 30/37 30/37 35/45 30/37 25/30 30/37 25/30 30/37 30/37 30/37 30/37 30/37 35/45

cement
is
minima
luri
xarji,
kg/m3

_ 260 280 280 300 300 320 340 300 300 320 300 300 320 340 300 320 360

minima
luri
haerCaT
reva, %

_ _ _ _ _ _ _ _ _ _ _ _ 4,0 4,0 4,0 _ _ _

sxva
moTxov
nebi

_ _ _ _ _ _ _ _ _ _ _ _
Semvsebi EN 12620

aucilebeli
yinvamedegobis

sulfatome-degi
cementi

SeniSvnebi:
* moTxovnebi mocemulia CEM I klasis cementisaTvis
** mZime betonis simtkicis klasebi mocemuli cxril 4-Si.
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rezinobitumebisa da polimerbitumebis reologiuri
Tvisebebi

T. papuaSvili, v. jRamaia, m. sulamaniZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175,

Tbilisi, saqarTvelo)
reziume: warmodgenil naSromSi ganxilulia axali meTodi, romlis
meSveobiTac ganisazRvreba bitummineraluri narevis, rogorc
kompleqsuri Semkvrelis reologiuri Tvisebebi - kerZod: Zvris simtkice
da misi damokidebuleba temperaturaze -36oC dan +180oC mde diapazonSi;
krobadobis unari; darbilebis dawyebis, denadobisa da gamyifebis
temperatura; Semkvrelis muSaobis unarianobis da misi plastiurobis
intervali. warmodgenili meTodi gamoyenebulia xarisxis SedarebiTi
SefasebisTvis Semdegi polimerbitumovani Semkvrelebis SemTxvevaSi: ПБВ-
40, alfabit-60, alfabit -90 da rezinobitumebis SemkvrelTaTvis - БИТРЭК da
SRMB. amavdroulad Seswavlilia xsenebuli masalebis saxesxvaoba
yinvamedegobisa da Tbomedegobis mixedviT, Catarebulia maTi
raodenobrivi Sefaseba.
sakvanZo sityvebi: gamineba, gamyifeba, denadoba, adgezia, kohezia,
plastikuroba, korelacia.

1. Sesavali
bitummineraluri masalebiT momzadebul narevebSi Semkvreli

masalebis mTavari funqcionaluri Tvisebebia Zvris simtkice da
SeWiduloba inertul masalebTan, radgan am Tvisebebzea damokidebuli
asfaltbetonis bzarmedegoba, yinvamedegoba da Tbomedegoba, romlebic
arsebiTad uzrunvelyofen gaxangrZlivebul saeqspluatacio vadebs.
CamoTvlili Tvisebebis Sefasebis stacionalur meTodebs warmoadgenen:
rgoli da burTula, penetracia, duqtiloba Sromatevadia da xangrZlivi,
amasTan ar aris pirdapiri informaciis matarebeli. amdenad metad
aqtualuria Semkvreli masalebis simtkicis Tvisebebis Sefasebis mizniT
obieqturi eqspres meTodis damuSaveba.

2. ZiriTadi nawili
warmodgenil naSromSi SemuSavebulia axali meTodi, romelic

gansazRvravs bitumis SemkvrelTa kompleqsis reologiur Tvisebebs,

rogoricaa: Zvris simtkice da misi damokidebuleba temperaturaze - 36oC dan

+180oC mde diapazonSi, krobadobis unari (adgezia qvis masalebTan), darbilebis
dawyebis, denadobis da gamyifebis temperatura, Semkvrelis muSaobis
unarianobis (plastiurobis) intervali. meTodi gamoyenebulia xarisxis
SedarebiTi SefasebisTvis Semdegi polimerbitumovani Semkvrelebis

SemTxvevaSi - ПБВ-40, Альфабит-60, Альфабит-90 da rezinobitumebis SemkvrelTaTvis

- БИТРЭК da SRMB. dadgenilia Seswavlili masalebis saxesxvaoba
yinvamedegobisa da Tbomedegobis mixedviT da Catarebulia maTi raodenobrivi
Sefaseba.
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Zvris simtkice da SeWiduloba qvis masalebTan (krobadoba) warmoadgens
erT-erT mTavar Tvisebas Semkvreli masalisa, radgan maszea damokidebuli
asfalbetonebis xanmedegoba, bzarmedegoba, yinva da Tbomedegoba. am Tvisebebis
Sefasebis meTodTa umetesoba (penetracia, duqtiloba) warmoadgens irib, mcire
informaciis matarebels, masalaTa simtkicis Tvisebebis mimarT, amasTan es
meTodebi Sromatevadia da xangrZlivi. amitom aqtualuria amocana, raTa
davamuSaoT eqspresuli obieqturi meTodebi Semkvrel masalaTa simtkicis
Tvisebebis dasadgenad. qvemoT mocemulia am amocanis gadwyvetis winapiroba.

pirvel etapze ganisazRvreba nimuSebis Zvris simtkicis damokidebuleba

temperaturaze -36oC dan darbilebis (denadobis) temperaturamde xelsawyoze

„Термоскан-М1“ (nax.1). miRebuli Zvris mrudebidan saSualeba gveZleva
amovkriboT masalis xarisxis reologiuri maCveneblebi, magaliTad:
struqturuli gadasvlebis maxasiaTebeli temperaturebi da Zvris simtkicis
maCveneblebi am temperaturaze.

Zvris simtkice - es aris Zvris daZabulobis maqsimaluri mniSvneloba,
Zvris dros an nimuSis mowyvetis daZabulobis mniSvneloba gacxelebuli an
gaciebuli zedapiridan, romelic gamosaxulia mpa-Si. mocemul naSromSi
qvesadebad gamoiyeneba pelties elementis keramikuli zedapiri, rac imitirebas
ukeTebs mJave bunebis qvis masalas.

meore etapze xdeba stikeris Sevseba diametriT 8 mm da siRrmiT 2 mm
nimuSis masiT 7-8 mg. qvesadebis temperatura izrdeba nimuSis denadobis
temperaturamde da mWidrod xdeba stikeris mikvra zedapirTan nimuSis zedmeti
narCenis gamodevniT. Semdeg xelsawyo grildeba saWiro temperaturamde.

mocemul temperaturaze nimuSebze gamoiyeneba wanacvlebiTi datvirTva da
dinamometris skalaze aRiniSneba misi maqsimaluri mniSvnelobani
kilogramebSi. Semdeg iangariSeba Zvris daZabuloba (Zvris simtkice).

dinamometris Cveneba mravldeba koeficientze K=0,2 mpa/kg. koeficienti K=0,2
Seesabameba 8 mm-iani nimuSis zedapirTan kontaqtis anabeWdis (laqa) diametrs.

gazomvis cdomilebis Sefaseba xdeba standartuli gadaxriT saSualo
monacemebidan 5-6 raodenobiT gameorebis SemTxvevaSi. meTodis fardobiTi
cdomileba ar aRemateba 6%.

Zvris simtkice ganisazRvreba oTaxis temperaturaze dabal arealSi
dinamometris daxmarebiT, roca nimuSze xdeba Zvris mzardi Zalisxmeva
fiqsirebul temperaturaze. maRali temperaturis arealSi darbilebis

temperaturis gansazRvris dros gamoiyeneba mdore gaTbobis meTodi (10oC
/wuTSi). mocemuli mcire datvirTvis dros nimuSze - 10, 40 da 90g, rodesac
laqis kontaqtis diametri 8 mm-ia, Zvris daZabuloba Sesabamisad Seadgens 0,002,
0,008 da 0,018 mpa-s.

pirvel naxazze moyvanili mrudebi asaxaven nimuSis Zvris simtkicis

damokidebulebas temperaturaze saZiebo intervalSi Zvris dawyebidan Ts -32 oC
mde. rogorc suraTidan Cans Zvris simtkice mdored izrdeba temperaturis

klebis mixedviT, 0,002 mpa mniSvnelobidan Zvris dawyebis temperaturaze Ts=56
da 63 oC da 2,8 3mpa -15 oC.
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nax.1. БИТРЭК da SRMB Zvris simtkicis mrudebi

SeiZleba avRniSnoT Semdegi damaxasiaTebeli wertilebi (temperaturis)

reologiuri mrudis: (1) Ts - Zvris (darbilebis) dawyeba mocemul mcire

datvirTvaze: (2)  Tg - gaminebis dawyeba, rogorc mrudis mkveTri aRmasvla

Tavdapirveli damreci monakveTis Semdeg; (3) Tfr - gaminebis  procesis damTavreba

mrudis maRal wertilze; (4) Tbr - minis gadasvla myife mdgomareobaSi, rogorc

dawyeba mrudis mkveTri vardnisa qvemoT (kvrobadobis daqveiTeba) -20 - (-30) oC
intervalSi. Sesabamisad mrudi moicavs Semdeg damaxasiaTebel monakveTebs: Ts-
Tg, rac pasuxobs nimuSis siblantis matebas, (imyofeba gelis mdgomareobaSi)

Tg-Tfr Seesabameba nimuSis gaminebis process. Tfr-Tbr - Seesabameba nimuSis
gamyifebas adgeziis (krobadobis) mkveTri vardniT im dros, roca simyifis

temperatura Tbr=Txp.
mrudis maqsimalur wertilze Tfr-s dros SeimCneva koheziidan adgeziaze

gadasvla. Tfr-mde Zvra xdeba masalis Sida fenebSi, Tfr-is Semdeg ki - „adgezia-
qvesadgamis“ zRvarze. Tfr temperaturaze da ufro dabla nimuSi wydeba
zedapiridan ise, rom kvals ar tovebs. Tfr-mde nimuSi mxolod iZvris (cocavs)
zedapirze da tovebs kvals.

Tfr temperaturaze gaminebis intervalis bolos nimuSi xdeba msxvrevadi -
gaRunvisas tydeba da ar iRuneba, tovebs niJarisebul amotexilobas. amitom
mocemul temperaturas Cven avRniSnavT, rogorc msxvrevadobis temperaturas

(inglisurad fracture, aqedan Tfr). Zvris Zala mrudis am wertilze aRwevs
maqsimums da SemdgomSi ar icvleba temperaturis mkveTr dacemamde (simyifis

temperatura) Tbr (brittle-myife). ramdenadac Tfr wertilSi iwyeba nimuSis adgeziuri
mowyveta zedapiridan, mowyvetis maqsimaluri Zalva am wertilze SeiZleba
miviRoT Semkvrelis qvis masalasTan adgeziis raodenobriv zomad.

temperaturis daweviT molekuluri jaWvis mobilobis daqveiTebiT
izrdeba jaWvebs Soris kontaqtebis ricxvi, e.i. siblante (kohezia). amasTan
gamoricxuli araa qvesadgamidan kavSiris nawilis gadasvla masalis SigniT.
koheziis da adgeziis gaTanabrebis momentSi xdeba adgezivis amovardna

qvesadgamidan Tfr da Zvris daZabulobaze Pfr (Pfr=Pxp=webvadoba) gadasvla
Sesabamis temperaturaze.
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nax.1-dan Cans, rom nimuSis daZvra 10g datvirTvaze iwyeba 63oC-ze (БИТРЭК)
da 56oC-ze (SRMB), Semdeg СП-nela izrdeba Tg=10oC-mde da swrafad matulobs am

monakveTze Tg- Tfr=10-(-8)=18oC (БИТРЭК) da 10-(-14)=24 oC (SRMB).
gaminebis areali SRMB 6oC-ze ufro xangrZlivia gaminebis meore monakveTis

xarjze. -8-(-14) oC, ramac SeiZleba migvaniSnos elastificirebad danamatze

SRMB-Si. БИТРЭК-Si aseve SeimCneva ori monakveTi, sadac meore 2-(-8)oC ufro

sustadaa gamoxatuli vidre SRMB-Si, radgan masSi naklebad aris elastikuri
komponentebi.

simyifis temperatura БИТРЭК-Si aRwevs -20oC da SRMB-Si -28oC, rac am
ukanasknelSi gamowveulia elastiuri komponentebis didi SemcvelobiT.

amasTan krobadoba БИТРЭК-Si ramdenadme mcirea SRMB-sTan SedarebiT,
Sesabamisad -2,8 da 3 mpa.

amrigad SRMB ufro elastiuria da krobadi dabal temperaturaze vidre

БИТРЭК (ufro yinvamedegi).
Tu vimsjelebT miRebuli monacemebiT Tbr, simyifis temperaturis

gansazRvris reologiuri meTodi  kargad unda iyos korelirebuli frasis

meTodTan. amasTan unda avRniSnoT, rom Txp-s mniSvneloba Zlier aris
damokidebuli bitumis gamosacdeli afkis sisqesTan. afkis sisqis zrdasTan

erTad izrdeba Txp-s mniSvnelobac. oRond izrdeba msxvrevadobis reologiur
temperaturamde.

aRsaniSnavia bitumis fizikuri mdgomareobis arsebiTi gansxvaveba
msxvrevadobis da simyifis temperaturebze. pirvel SemTxvevaSi nimuSi
inarCunebs mniSvnelovan krobadobas da simtkices, dabali temperaturebis
intervalSi. meore SemTxvevaSi nimuSi kargavs adgezias qvis masalasTan,
ifSvneba da Sordeba RorRs ukve mcire datvirTvis drosac asfaltbetonze. es
procesi mkveTrad aCqardeba, dawyebuli kritikuli dabali temperaturidan
eqspluataciis zRvrulad dasaSveb temperaturamde anu simyifis
temperaturamde Tbr.

zemoT ganxiluli iyo Semkvrelis e.w. „qceva“ dabal (zamTris)
temperaturaze. aranakleb mniSvnelovania Semkvrelis Tvisebis Sesafaseblad
nimuSis gamocda maRal (zafxulis) temperaturaze. masalis
maRaltemperaturuli Tvisebebis SedarebiTi SefasebisaTvis SeiZleba
gamoyenebuli iqnas SeTavsebuli (urTierT dadebuli) Zvris mrudebis meTodi
mcire Zvris datvirTvebis zonaSi (nax.2).

nax.2-dan Cans, rom daZvra БИТРЭК-Si iwyeba Ts=63oC, SRMB-Si ki Ts=56oC.
nimuSTa mTliani gaTxevadeba xdeba denadobis temperaturaze Tf=82 da 68oC.
Sesabamisad, Tbomedegoba БИТРЭК-Si arsebiTad maRalia SRMB-Tan SedarebiT.

praqtika gviCvenebs, rom denadobis temperatura Tf, gansazRvrulia mcire

wanacvlebiTi datvirTvebiT 2 kpa, sadac 1-2oC-mde sizustiT emTxveva
darbilebis temperaturas, romelic Tavis mxriv ganisazRvreba darbilebis -
e.w. „rgoli da burTula“-s meTodiT.
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nax.2. БИТРЭК da SRMB Semkvrelebis Zvris mrudebi

rogorc me-2 naxazidan Cans Zvris dawyebis da denadobis temperatura

БИТРЭК-Si SesamCnevad maRalia SRMB-sTan SedarebiT e.i. БИТРЭК ufro
Tbomedegia da ufro gamosadegia gzebis mSeneblobisTvis cxel klimatur

pirobebSi (naklebad civ regionebSi). yinvamedegi SRMB ukeTesia gamoviyenoT im

regionebSi, sadac civi klimatia, magram mxolod -28oC-mde (ukiduresad

dasaSvebi dabali temperatura eqspluataciisaTvis). БИТРЭК-Tvis es maCvenebeli

Seadgens -20oC.
suraTis srulyofis mizniT gamokvleuli iqna polimerbitumebis

Semkvrelebi markiT alfabit-60, alfabit-90 da ПБВ-40, romlebic damzadebuli iyo
sxvadasxva receptiT (nax. 3 da nax. 4).

reologiuri mrudebi me-3 naxazze SeiZleba gamodges polimeruli
danamatebis Semkvrelis xarisxze gavlenis raodenobrivi SefasebisTvis. aseTi
danamatebis Seyvanis mizans warmoadgens gaminebis da simyifis temperaturis
daweva (yinvamedegobis gazrda) da darbilebis temperaturis gazrda - maRal
temperaturaze eqspluataciis dros Zvris simtkicis mateba. anu Semkvrelis

muSaobis unaris intervalis gafarToeba.

ნახ.3. Zvris simtkicis mrudebi SemkvrelebisaTvis

alfabit-60, alfabit-90 და БНД-60/90
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me-3 naxazidan Cans, rom sawyisi aramodificirebuli nimuSi - bitumi БНД-
60/90-s gaaCnia mtvrevadobis maRali temperatura Tfr=-2 oC da simyifis Tbr=-10oC.
bitumis СБС-iT polimeriT modifikaciam mogvca masalis mtvrevadobis da
simyifis temperaturebis mniSvnelovani Semcirebis saSualeba. agreTve

adgeziuri simtkicis gazrda 2,3 mpa-mde БНД-60/90-Tvis xolo 2,8-3 mpa-mde

modificirebuli nimuSebisaTvis. amasTan alfabit-60-is Tbomedegoba ramdenadme

gaizarda Ts=52 oC da Tf=64 oC, БНД-60/90-Tvis Ts=51 oC da Tf=60 oC.

nax.4. Zvris simtkicis mrudebi SemkvrelebisaTvis

ПБВ-40, ПБВ-40 №4 და ПБВ-40 M7
amrigad reologiuri monacemebi gviCveneben polimeruli danamatebis

maRal efeqturobas Semkvrelis Zvrisadmi mdgradobisa da krobadobis (adgezia
qvis masalebTan) amaRlebis kuTxiT, rac mTlianobaSi ganapirobebs
bitumminaraluri narevebis saeqspluatacio vadebis gazrdas.

roca vadarebT alfabit-ebis 60 da 90 Zvris simtkicis mrudebs, SeiZleba
iTqvas, rom alfabit-60 ZvramedegobiT mTlianad aRemateba alfabit-90-s, anu misi
xarisxi Tbomedegobis mxriv maRalia. yinvamedegobis kuTxiT alfabit-90
ramdenadme aRemateba Альфабит-60 mtvrevadobis temperaturis maCvenebliT
(-12oC) da krobadobiT (3mpa). simyifis temperatura orive Semkvrels
praqtikulad erTnairi aqvT (-28 oC).

3. daskvna
БИТРЭК-isa da SRMB-is Zvris simtkicis mrudebi asaxaven nimuSis Zvris

simtkicis damokidebulebas temperaturaze Zvris dawyebidan Ts-32 oC-mde. Zvris
simtkice mdored izrdeba temperaturis klebis mixedviT 0,002 mpa-dan 2,8-3,0 mpa-
mde.

grafikuli mrudi moicavs Ts-Tg monakveTs, romelic pasuxobs siblantis

matebas, Tg- Tfr monakveTi Seesabameba nimuSis gaminebis process da Tfr- Tbr
monakveTi Seesabameba nimuSis gamyifebas adgeziis mkveTri vardniT.

grafikuli mrudis maqsimalur wertilze Tfr SeimCneva koheziidan
adgeziaze gadasvla, xolo masze dabali temperaturis dros nimuSi wydeba

zedapiridan ise, rom kvals ar tovebs. Tfr temperaturaze gaminebis intervalis
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mrudis nimuSi xdeba msxvrevadi da am temperaturas vuwodebT msxvrevadobis
temperaturas. Zvris Zala am wertilze aRwevs maqsimalurs da SemdgomSi ar
icvleba temperaturis mkveTrad dacemamde. nimuSis adgeziuri mowyvetis
maqsimaluri Zalva am wertilze SeiZleba miviRoT adgeziis raodenobriv
zomad.

gaminebis areali SRMB 6oC-ze ufro xangrZlivia gaminebis meore monakveTis

xarjze 8-14 oC-ze, xolo simyifis temperatura БИТРЭК-Si aRwevs 20 oC-ze da

SRMB-Si ki 28 oC-ze. amrigad SRMB ufro elastikuria da krobadi dabal

temperateraze vidre БИТРЭК.
masalis maRaltemperaturuli Tvisebebis SedarebiTi SefasebisaTvis

SeiZleba gamoyenebuli iqnas SeTavsebuli Zvris mrudebis meTodi mcire Zvris
datvirTvebis zonaSi.

damuSavebulia portatuli adgeziometri da mis safuZvelze eqspres
meTodi, Semkvrelebis reologiuri Tvisebebis maCveneblebis gansazRvrisaTvis,
romelic saSualebas iZleva winaswar ganisazRvros Semkvrelis muSaobis unari
asfaltbetonis SemadgenlobaSi.
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sqelkedliani cilindris gaangariSeba rTuli
deformaciis pirobebSi

r. giorgobiani, v. soxaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi,

kostavas 77)

reziume: naSromSi ganxilulia Rrutaniani wriuli kveTis sqelkedliani
cilindri, romelic damzadebulia ukumSvadi izotropuli masalisagan.
igi ganicdis erTRerZa gaWimvas cilindris RerZis gaswvriv, ganiv Zvras,
romelic mxolod cilindris RerZamde manZilzea damokidebuli, grexas,
romlis drosac  grexis kuTxe proporciulia deformaciamdeli
cilindris erT-erT zedapiramde manZilisa. miRebuli gamosaxulebebis
gamoyenebiT SesaZlebelia sqelkedliani cilindrebis gaangariSeba
rTuli saxis deformaciis SemTxvevaSi.
sakvanZo sityvebi: sqelkedliani cilindri, deformaciebi, grexa, Zvra.

1. Sesavali
sqelkedlian cilindrebs farTo gamoyeneba aqvs rogorc mSeneblobaSi,

ise manqanaTmSeneblobaSi. isini gamoiyeneba hidrogeneratorebis saZirkvlebad,
reaqtorebis damcavebad, masalebis sacavebad da sxva.

CavataroT gaangariSeba ukumSvadi, izotropuli masalisagan
damzadebuli wriuli kveTis sqelkedliani cilindrisaTvis, rTuli
deformaciis SemTxvevisaTvis.

2. ZiriTadi nawili
CavTvaloT, rom Rrutaniani wriuli kveTis sqelkedliani cilindri

damzadebulia ukumSvadi izotropuli masalisagan. Mmasalis qceva aisaxeba sam
mudmiviani xarisxovani drekadi potencialis saSualebiT. cilindris sigrZe

deformaciamde iyos . Siga da gare radiusebi Sesabamisad da

SemovitanoT uganzomilebo koordinatebi da sadac da

- radialuri koordinatebia deformaciamde da deformaciis Semdeg.
cilindris Sida aradeformirebul zedapirs Seesabameba uganzomilebo

koordinati xolo gare zedapirs Seesabameba aq -i

gansazRvravs cilindris fardobiT sqelkedlianobas.
vfiqrobT, rom aRniSnuli cilindri ganicdis Semdegi saxis rTul

deformacias:

1) erTRerZa gaWimvas sididiT cilindris RerZis gaswvriv

2) cilindris kedlebis gaberva an Seviwroeba, romlis drosac misi
sigrZe mudmivi rCeba. xolo Siga da gare radiusebi icvlebian Semdeg
sidideebamde da
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3) RerZuli Zvra, romlis drosac yoveli wertili gadaadgildeba

sididiT. Ees sidide damokidebulia mxolod cilindris RerZamde
manZilze.

4) Gganivi Zvra, romlis drosac yoveli wertili gadaadgildeba RerZis

irgvliv - kuTxiT, romelic agreTve mxolod RerZamde manZilze

aris damokidebuli.
5) cilindris grexa, romlis drosac dagrexis kuTxe proporciulia

deformaciamdeli cilindris erT-erT zedapiramde manZilisa.
zemoTTqmulidan gamomdinare zogadi deformaciis asaxva cilindrul

koordinatebSi moxdeba Semdegnairad

(1)

sadac - uganzomilebo koordinatebia, xolo

Q saZiebeli funqciebia, da mudmivebia.

ukumSvadobis piroba gansazRvravs funqciis saxes
( (2)

SemovitanoT koSis ZabvaTa tenzoris fizikuri komponentebi

(3)

Aam gantolebaSi metrikuli tenzoris komponentebia deformaciamde.

aRniSnulis gaTvaliswinebiT ukumSvadi izotropuli
masalis SemTxvevaSi miviRebT

+P

;

(4)

sadac - drekadi potencialia da damokidebulia koSis
deformaciaTa invariantebze.
Mme-(4)-e gamosaxulebebis Casmis Semdeg wonasworobis erTgvarovan
gantolebebSi mivalT ori algebruli gantolebis sistemamde, romlebic
zogad SemTxvevaSi ara wrfivi bunebis arian

sadac - Zvris modulia; da mudmivebia.
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RerZuli Zala da moment RerZis mimarT Sida ( ) da gare ( )

zedapirebze gamoisaxebian Semdegnairad

∙ = ∙ (6)
da mudmivebi dakavSirebulebi arian rogorc am gamosaxulebebidan Cans

ZalebTan da momentTan.

∙ + (7)

AQaq - gamosaxavs cilindris Siga zedapirze modebul Tanabrad ganawilebul
wnevas. RerZuli Zala da mgrexavi momenti, romlebic cilindris ganiv kveTze
arian modebuli gamoiTvlebian Semdegi formulebiT:

(8)

Aam tolobebSi

= 2

miRebuli gamosaxulebebis gamoyenebiT SesaZlebelia amocanaTa mTeli klasis
ganxilva. Ees exeba rogorc izitropul, aseve anizotropuli masalisagan
damzadebul sqelkedlian cilindrebs rTuli saxis deformaciis pirobebSi
gaangariSebis SemTxvevaSi.

3. daskvna

miRebuli gamosaxulebebiT SesaZlebelia rogorc izitropuli, aseve
anizotropuli masalisagan damzadebuli sqelkedliani cilindrebis

gaangariSeba rTuli saxis deformaciis SemTxvevaSi.
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sasurveli akustikisa da bgeris maRali izolaciis
xarisxis miRwevis SesaZleblobebi

m. javaxiSvili, j. samxaraZe
(saqarTvelos teqnikuri universiteti, m. kostavas 77, 0175 Tbilisi,

saqarTvelo)

reziume: statiaSi ganxilulia adamianze xmauris zemoqmedebis
uaryofiTi aspeqtebi da Sefasebulia sasurveli akustikisa da bgeris
maRali izolaciis Seqmnis SesaZleblobebi.
sakvanZo sityvebi: xmauri, akustika, akustikuri masalebi.

1. Sesavali
xmauri Cveni yoveldRiuri cxovrebis metad arasasiamovno Tanamgzavria.

Cveni saxli, ofisi, universiteti, skola, savaWro centri Tu sxvadasxva
daniSnulebis Senobebi, sadac SeiZleba yoveldRiurad gviwevdes garkveuli
droiT yofna, savsea sxvadasxva tipis arasasiamovno xmebiT, es SeiZleba iyos
karis,  liftis, onkanis, macivris, sarecxi manqanis, kondicioneris,
saventilacio sistemis, quCidan manqanebis xmauri Tu mravali sxva.

dadgenilia rom, Teoriuladac ki aramarTebulia imis daSveba,  gvqondes
molodini imisa, rom Tqveni mezobeli moiqceva gansakuTrebiT frTxilad da
imoqmedebs Cumad, Tu Tqvensa da Tqveni mezoblis saxls Soris aris
arasakmarisi bgeraizolacia.

rodesac Tqven ar mogwonT Senobis an sivrcis dizaini, SesaZloa daxuWoT
Tvalebi, Tumca Tu Tqven ar mogwonT xmauri, SeuZlebelia „daxuWoT“ yurebi.

2. ZiriTadi nawili
albaT, Zalian xSirad gvsmenia ori erTmaneTis  msgavsi termini: xma da

xmauri, romlebic TiTqos erTmaneTis msgavsia, magram sinamdvileSi Tavisi
mniSvnelobiTa da zemoqmedebis xarisxiT erTmaneTisgan mkveTrad gansxvavdeba.
xma es aris fizikuri movlena, romelic gamowveulia garemoSi arsebuli
nawilakebis moZraobis rxeviT. xmis rxevebs aqvs gansazRvruli amplituda da
sixSire. adamians ki aqvs SesaZlebloba aRiqvas xmebi gansxvavebuli
amplitudiT. zogadad adamianis yuriT aRqmuli sixSireebi ganlagebulia 20-
20000hc sixSiris diapazonSi.

xmisgan gansxvavebiT, romelsac axasiaTebs uwyveti da regularuli
vibraciebi, xmauri aris nebismieri arasasurveli bgera an sxvadasxva sixSirisa
da intensivobis bgerebis uwesrigo qaoturi narevi, romelic, sxva Tanabar
pirobebSi, xels uSlis sasargeblo bgeriTi signalis (musikis, saubris) aRqmas
da iwvevs adamianis organizmze arasasurvel, gamaRizianebel moqmedebas. sxva
sityvebiT rom vTqvaT xmaurad SesaZloa CaiTvalos usiamovno xma, romelic
iwvevs Cvens Sewuxebas.

adamianis smenis qveda zRvari aris daaxloebiT 5 db. Cveulebriv saubris
xma aris daaxloebiT 65 decibeli. saSualod 35-60 db diapazonSi xmauris
zemoqmedeba adamianze metad individualuria, 70-90 db xmauris xangrZlivi
zemoqmedebis Sedegad ki xdeba nervuli sistemis daavadebebis warmoqmna, xolo
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rodesac xmauri 100db-ze metia aman SeiZleba adamianis dayruebac ki
gamoiwvios.  150 db xmam ki SesaZloa gamoiwvios smenis momentaluri dazianeba.

xmauris adamianze zemoqmedebis donis mixedviT SesaZloa movaxdinoT
misi klasifikacia Semdeg doneebad:

I done, es aris xmauris iseTi sidide, romelic ar iwvevs adamianze pirdapir
an irib uaryofiT moqmedebas, ar aqveiTebs mis muSaobis unars, ar
moqmedebs uaryofiTad mis TviTgrZnobasa da ganwyobaze, ar iwvevs
xmauris mimarT mgrZnobiare sistemis funqciuri sistemis arsebiT
cvlilebas.

II done, uaryofiTi gavlena janmrTelobasa da cxovrebis xarisxze
III done-mniSvnelovani/sagrZnobi uaryofiTi zegavlena janmrTelobasa da

cxovrebis xarisxze
xmauris adamianze zemoqmedebis xarisxi damokidebulia Semdeg mTel rig

parametrebze:

 xangrZlivoba

 ganmeorebadoba
sixSire (maRal da dabal sixSireebze xmauri gacilebiT Semawuxebelia

vidre saSualo sixSiris xmauri)
drois monakveTi (Ramis ganmavlobaSi xmauri gacilebiT Semawuxebelia

vidre sxva drois monakveTebSi)
zogadad individualis mgrZnobeloba xmauris mimarT. dadgenilia, rom

mosaxleobis 30% xasiaTdeba xmaurisadmi momatebuli mgrZnobelobiT, 60%
normaluri mgrZnobelobiT, xolo 10% dabali mgrZnobelobiT.

bevri adamiani SeiZleba fiqrobdes rom bgeris normalur gavrcelebasa
da bgeraizolaciaze SesaZloa vifiqroT mxolod Teatrebis, sakoncerto
darbazebis, xmis Camweri studiebis da sxva msgavsi tipis nagebobebis
mSeneblobisas, rac  garkveulwilad simarTlea, radgan swored aseTi tipis
dawesebulebebSi ise unda iyos xmebi dabalansebuli rom TiToeul
msmenelamde xma midiodes im toniT da tempiT rogorc ismis scenaze, Tumca es
faqti ar niSnavs imas, rom Cveulebrivi sacxovrebeli saxlis mSeneblobisas
ugulebelyofil iqnas bgeris izolacia da misi sasurveli ganawileba, radgan
rodesac xmauris done metia vidre dasaSvebi norma, da gvaqvs xmauris
xangrZlivi da intensiuri zemoqmedeba Cvens organizmze SesaZloa aman
gamoiwvios mTeli rigi uaryofiTi Sedegebi:

 daZabuloba, yuradRebis funqciis daqveiTeba

 Zilis reJimis darRveva

 mRelvareba/nervozi/gaRizianebadoba

 stresul signalebze fiziologiuri reaqciebis Secvla

 Sromisunarianobis/produqtiulobis Semcireba/gadaRliloba

 smenis organos dafis apkis dazianeba an smenis problemebi, smenis
funqciis dazianeba, smeniTi mgrZnobelobisa da smenis droebiTi an
mudmivi dakargva

 sisxlis wnevis momateba

 fsiqologiuri travmebi

 fsiqikuri da somaturi janmrTelobis darRveva.
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unda aRiniSnos is garemoeba, rom xmauri zogadad ki ar moqmedebs
konkretulad erT raimeze (magaliTad smenis daqveiTeba), aramed iwvevs
mTlianad Cvens organizmSi uaryofiT cvlilebebs. igi pirvel rigSi moqmedebs
Tavis tvinis struqturaze. xmauris moqmedebis Sedegad  cvlilebebi yvelaze
adre vlindeba nervul sistemaSi: aRiniSneba Tavis tkivili, perioduli
xasiaTis Tavbru, mexsierebis daqveiTeba, momatebuli moqancva, emociuri
aramdgradoba, Zilis reJimis darRveva, tkivili gul-mkerdis areSi da sxva.
xmauris moqmedebis Sedegad cvlilebebi gul-sisxlZarRvTa sistemaSi
ZiriTadad kardialuri da hipertenziuli tipis neirocirkularuli distoniis
sindromis saxiT vlindeba. xmauris momateba iwvevs agreTve organizmis
imunologiuri aqtivobis, saerTo rezistentobis daqveiTebas, rac avadobis
donis zrdiT vlindeba.

mas Semdeg rac detalurad aRvwereT xmaurisgan gamowveuli
arasasurveli negatiur aspeqtebi, albaT yvelaze skeptikurad ganwyobili
adamianic ki darwmundeboda imaSi, Tu raoden aucilebelia da mkacrad
rekomendirebulia Cvens SenobebSi, oTaxebSi Tu samuSao sivrceebSi sasiamovno
akustikuri garemos Seqmna. imisaTvis rom SevqmnaT sasurveli akustikuri
garemo, miviRoT maRali bgeris izolaciis xarisxi da Cveni mdgomareoba ar
iyos fotoze mocemuli situaciebis msgavsi:

aucilebelia vifiqroT Cveni Senobebis mowyobisas gamoviyenoT
akustikuri masalebi, radgan swored aseTi tipis masalebi arian gankuTvnilni
SenobaSi xmis talRebis gavrcelebis xasiaTis dadebiTad Secvlisa da
bgeraizolaciisTvis.

sasurveli da zomieri akustikuri garemos miRweva ar aris martivi da
mniSvnelovania kompleqsuri midgomis gamoyeneba.

Tanamedrove samSeneblo proeqtebis metad popularuli meTodia
Sekiduli akustikuri Weris mowyoba, sadac WerisTvis gaTvaliswinebuli
akustikuri filebis montaJi xdeba specialur liTonis karkasze, garda imisa,
rom saSualebas gvaZlevs miviRoT SedarebiT kargi akustikuri garemo,
amavdroulad gvaqvs saSualeba movaxdinoT Sekiduli Weris miRma
haersatarebis, kabelebis, kabel–arxebis, milgayvanilobebis, WerSi Sesmuli
ganaTebebis, gaTboba–kondicireba–ventilaciis Sida danadgarebisa da sxva
ZiriTadi sainJinro sistemebis nawilebis montaJi.
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akustikuri Sekiduli Weris garda Cveni sivrcis mosawyobad SesaZloa
gamoyenebuli iqnas  kedlis akustikuri dekoratiuli panelebi, rolebic
evropasa da amerikaSi sakmaod popularuli gadawyvetaa, romelTa xmis

STanTqmis koeficienti meryeobs 0.70–0.95–is farglebSi.

miuxedavad imisa, rom Cveni sivrce SeiZleba aRWurvili iyos Zalian
ZviradRirebuli akustikuri WeriT Tu akustikuri kedlis panelebiT, arsebobs
sakmaod didi albaToba imisa, rom mainc ver miviRoT dagegmili akustikis
done, radgan sivrcis mowyobisTvis garda imisa rom unda gamoviyenoT bgeris
mSTanTqmeli masalebi, saWiroa mTeli rigi gadawyvetebi SevimuSaoT, raTa
Tavidan aviciloT struqturuli xmauri, rasac namdvilad ver „SevaCerebT“
mxolod bgeris mSTanTqmeli masalebis gamoyenebiT. erT–erTi SesaZlo
teqnikuri gadawyvetaa e. w. mcuravi iatakis (loating Screed) mowyoba, romlis
mTavari principi mdgomareobs imaSi rom iatakis Semadgenel konstruqciasa da
Senobis konstruqcias Soris arsebobs gamyofi masala, rac saSualebas ar
aZlevs xmaurs, gavrceldes erTi sivrcidan meoreSi. martivad rom
warmovidginoT Tu pirdapir rkinabetonis filaze movawyobT iatakis moWimvas
da Semdeg movapirkeTebT mas, aRmoCndeba rom miviRebT erTian struqturas, rac
yovelgvari wyvetis gareSe gaatarebs erT adgilas dartymiT warmoqmnil xmas
da misi gavrcelebisTvis faqtiurad barieri ar iarsebebs. magram Tu Cven
movaxdenT mcuravi iatakis principis uzrunvelyofas, maSin erTis mxriv
konstruqcia aRar iqneba erTiani, da meores mxriv bgerasaizolacio masalis
gamoyenebiT Cven mivaRwevT imas rom dartymiT warmoqmnili xmauris STanTqma
moxdeba da amavdroulad arc qveda sarTulze myofs Seawuxebs  xmauri.
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Tumca Cveni mizani mxolod amiT ver iqneba miRweuli, radgan Tu
moWimvaSi ar moxdeba garkveuli wyvetebi, rac yvelaze xSirad daSvebuli
Secdomaa mSeneblobaSi, maSin erT sivrceSi warmoqmnili struqturuli xmauri
Zalian martivad gavrceldeba meoreSi.

mniSvnelovania aseve kedlebis bgera  izolaciis sakiTxic, radgan bgeris
didi nawilis gavrceleba  saTavsoSi  swored kedlebis/tixrebis meSveobiT
xdeba. tradiciuli meTodebisgan gansxvavebiT, rodesac xdeboda blokis
kedlis montaJi da Semdeg lesva, SegviZlia gamoviyenoT gacilebiT ukeTesi
meTodi, kerZod TabaSirmuyaos filebiT mopirkeTeba, rodesac TabaSirmuyaos
filasa da mTavar konstruqcias Soris aris bgera saizolacio masala
gamoyenebuli.

mravalSriani struqtura saSualebas gvaZlevs movaxdinoT xmis Semcireba
gacilebiT efeqturad, vidre amas SevZlebdiT erTSriani struqturis
SemTxvevaSi. mniSvnelovania gaviTvalisiwnoT kedlebis SeerTeba tixarTan da
Weris SeerTeba tixarTan/kedelTan.

aRsaniSnavia is garemoebac, rom rogorc iatakis aseve tixrebis
mowyobisas metad mniSvnelovania yuradReba mieqces imas rom damontaJebuli
iqnas xmis saizolacio lenti SeerTebis adgilebSi, rac uzrunvelyofs
konstruqciul wyvetas da saSualebas aRar aZlevs xmas gavrceldes da
moedos sxva zedapirebs.

3.daskvna
Tanamedrove msoflios samSeneblo industriis pirobebSi, rodesac

milionobiT dolaris investireba xdeba da viTardeba axal–axali daxvewili
akustikuri samSeneblo masalebi, xmauris kontrolis warmatebuli gadawyvetis
mniSvnelovani Semadgeneli komponenti aris mxolod  da mxolod Cveni
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survili, rom uzrunvelyoT xmauris kontroli. amitom yvelaze efeqturi da
racionaluri gzaa, rom Senobis mowyobisas yuradReba gavamaxviloT
dekoratiuli iersaxis mqone akustikuri masalebis gamoyenebaze. saboloo
jamSi ki, akustikur–dekoratiuli masalebis gamoyenebiT Cven miviRebT
situacias, rodesac Cveni orive mizani, lamazi dizaini da sasurveli akustika,
miRweuli iqneba.

ar aqvs mniSvneloba Tu romel qveyanaSi xdeba moqmedeba, yovelTvis
rodesac saqme gvaqvs arasakmaris bgeraizolaciasTan da arasasurvel
akustikasTan, maSin Sedegi aris erTi da igive.  aseve, saerTod ar aqvs
mniSvneloba, Cven varT investori, samSeneblo kompania, developeri,
arqiteqtori, damsaqmebeli Tu sxva, yovelTvis kritikulad mniSvnelovania rom
Tavidanve vifiqroT ara mxolod imaze, rom gvqondes gamorCeuli inovaciuri
da kargi daxvewili dizainis Senoba, aramed amavdroulad vifiqroT imaze Tu
rogor uzrunveleyoT Senobis SigniT sivrceebis iseTi akustikurad
dabalansebuli garemos Seqmna, rac maqsimalurad sasiamovno iqneba iq myofi,
mcxovrebi Tu ubralod dasaqmebuli adamianebisTvis. winaaRmdeg SemTxvevaSi,
sxva Tanabar pirobebSi, Wkviani investorsac ki, romelic fiqrobs grZelvadian
perspeqtivaze, aSkarad gauWirdeba produqtebis (obieqti) gayidva, an SedarebiT
nakleb fasad mouwevs misi realizacia, rameTu garkveuli drois Semdeg binis
mflobelebi aucileblad Sewuxdebian mezobeli kedlidan Semosuli xmauris
gamo da Sesabamisad mimarTaven investorebs, Sedegad maTi reputacia aSkarad
Semcirdeba. im SemTxvevaSic ki, rodesac ubralod damsaqmebeli xarT da
aranairi kavSirSi ar xarT Senobis flobasTan, Tqveni dasaqmebuli adamianebis
Sromis nayofierebis Semcirebis gamo  Tqven aSkarad ver naxavT im mogebas,
romelic dagegmeT.
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rkinabetonis wriul zedapirze maRali Riobebis mowyobis
teqnologiuri gadawyveta

i. qvaraia
(saqarTvelos teqnikuri universiteti, m.kostavas q.#77, 0175;

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia, rkinabetonis wriul zedapirze maRali

Riobebis mowyobis teqnologiuri procesi, romelic warmatebiT
SeiZleba gamoyenebuli iqnes sxva msgavsi samuSaoebis
Sesrulebis dros.

sakvanZo sityvebi: yalibi, betoni, rkinabetoni, armatura, Riobi
dabetoneba, montaJi, demontaJi, sarkmeli.

1. Sesavali
wriuli zrdapiris mqone rkinabetonis Senoba-nagebobebis adebis

dros xSirad saWiro xdeba mTel mis perimetrze sarkmlebis an specialuri
daniSnulebis mniSvnelovani Riobebis mowyoba. am dros, dabetonebis
samuSaebis gamartivebis mizniT sasurvelia moxdes mTliani sayalibe
sistemebis damontaJeba, am sicarieleebis  gaTvaliswinebiT. teqnologiurad
msgavsi yalibebis mowyoba did sirTuleebTan ar aris dakavSirebuli,
magram problemebi iqmneba Riobebis zusti zomebis dacvasTan da maT erT
doneze da simaRleze ganlagebasTan dakavSirebiT. samSeneblo praqtikaSi
gansakuTrebiT xSirad xdeba saWiro am tipis samuSaoebis Sesruleba
taZrebisa da eklesiebis monoliTuri gumbaTis yelis mowyobisas da yvela
konkretuli SemTxveva moiTxovs yalibebis mowyobisa da kedlis
dabetonebis Tavisebur gadawyvetas.

2. ZiriTadi nawili
Uq. TbilisSi, maxaTas mTaze mSenebare iveriis RvTismSoblis xatis

saxelobis taZari, gumbaTis yelis konstruqciiTac gamorCeulia.

Nnax.1. kedlis armaturis karkasebis mowyoba
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Nnax.2 armaturis karkasebs Soris sarkmlis yalibebis montaJi

Nnax.3. Siga naxevradwriuli sayalibe faris montaJi

Nnax.4. dabetonebuli wriuli rkinabetonis kedeli sarkmlebiT
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gumbaTis yelis garSemo ganTavsebulia 20 sarkmeli, rac maTi
simravliT gamonaklisi SemTxvevaa. gumbaTis yelis rkinabetonis
monoliTuri nawilis Sesrulebisas sarkmlebis ganTavsebis  sizustis
dasacavad winaswar aigo ocive sarkmelis erTnairi zomis, yuTisebri
formis asawyobi yalibi, romelic sami nawilisagan Sedgeboda. Sesabamisad,
simaRleSi sam etapad unda ganxorcielebuliyo dabetoneba.

teqnologiuri procesis gamartivebis mizniT gadawyda wriuli
kedlis Siga mxridan naxevarwriuli moxazulobis mTliani sayalibe faris
ageba, romelic uzrunvelyofda betonis Siga zedapiris siswores.
dabetonebis Semdeg advili iyo aseTi yalibis demontaJi da zedmeti
danaxarjebis gareSeE xdeboda misi  mravaljeradi gamoyeneba, rodesac
sarkmlebis yalibebi gamoxsnisas mTlianad daSlas moiTxovdnen..

samSeneblo procesi Semdegi TanmimdevrobiT ganxorcielda:
1. wriuli kedlis perimetris naxevarze, geodeziuri koordinatebisa

da niSnulebis dacviT ewyoboda armaturis karkasebi, romlebic
dabetonebis yovel etapze, erTmaneTze gadabmiT grZeldeboda
simaRleSi (nax.1);

2. armaturis karkasebs Soris idgmeboda sarkmlebis yalibebi,
romelTa sisworec aseve gansakuTrebiT mowmdeboda yvela etapze
(nax.2);

3. naxevradwriuli Siga sayalibe faris Zalovan xaraCoebze dadgmis,
gasworebisa da damagrebis Semdeg masze mWidrod magrdeboda
sarkmlis yalibebi;

4. garedan misadgmeli sayalibe farebi, gamWoli ReroebiT
ukavSirdebodnen da magrdebodnen Siga yalibTan. maT Soris
eqceoda sarkmlis yalibebi;

5. sayalibe sistemis saTanado gamagrebis da sizustis Semowmebis
Semdeg xdeboda kedlis naxevarwris dabetoneba (nax.3);

aRniSnuli TanmimdevrobiT xdeboda jer wriuli kedlis meore
naxevaris mowyoba, xolo Semdeg igive meordeboda  vertikaluri
mimarTulebiT edabetonebis etapebis Sesrulebisas (nax.4).

3. daskvna

wriuli moxazulobis rkinabetonis sarkmelebiani kedlebis agebis
teqnologiuri procesi, mniSvnelovnad martivdeba, kedlis Siga mxridan
naxevrad wriuli sayalibe faris gamoyenebiT. igi iZleva kedlis
armaturis karkasebs Soris saWiro Riobebis zustad mowyobis da  maTi
gamagrebis karg saSualebas. Ggarda amisa, dabetonebis Semdeg  advilia
misi demontaJi da SesaZlebelia mravaljeradi gamoyeneba.

literatura
1. i. qvaraia, T. dvaliSvili, S. yanCaSvili. martivi moZravi

kvanZebisYmowyoba rkinabetonis sayalibe sistemebis agebis dros samecniero-
teqnikuri Jurnali “mSenebloba”. #4(39), gv. 54-56.
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mTis qanebis ferdoebis mdgradobaze
gaangariSeba zRvruli daZabuli mdgomareobis meTodiT

t. kviciani
(sainJinro meqanikisa da mSeneblobaSi teqnikuri eqspertizis

departamenti,saqarTvelos teqnikuri universiteti, saqarTvelo, Tbilisi,
kostavas 77).

reziume: ganxilulia fxvieri garemos zRvruli daZabulobis Teoriis
brtyeli amocana. gamoyenebulia drekadobis Tedriis daZabuli
mdgomareobaSi nebismierad wrfivad deformirebadi sxeulebisaTvis
wonasworobis kerZowarmoebuliani diferencialuri gantolebaTa
sistema. miRebulia dacurebis wiris gaswvriv maxasiaTebelebisaTvis
Cvevlebrivi diferencialuri gantolebaTa sistema, xolo sasruli
sxvaobebiT algebruli gantolebaTa sistema, romlic saSvalebas iZleva
miaxloebiT ganvsazRvroT ucnobi sidideebi, agreTve minimaluri da
maqsimaluri   daZabuli mdgomarebis jdenisa da amoburcvis zonebi.
sakvanZo sityvebi: ferdo, mdgradoba, zRvruli wonasworeba, dacurebi
wiri,diferencialuri gantoleba.

1. Sesavali
sainJinro praqtikaSi mniSvnelovani adgili ukavia  bunebrivi ferdoebis

mdgradobis Semowmebis, gruntis masebis CamoSvavebisa da mewyeruli xasiaTis
movlenebis warmoSobis prognozebis amocanebis gadaWras,  romlsac
safuZvlad udevs gruntebis zRvruli daZabuli mdgomareobis Teoria. maT
amosaxsnelad jerjerobiT iyeneben gamartivebul xerxebs, rodesac gruntis
gadaadgilebis zedapiris forma dgindeba ara mkacri maTematikuri sizustiT,
zRvruli daZabulobis Teoriis meSveobiT, aramed winaswar garkveuli
daSvebebiT. aseT amocanebSi gruntebis gadaadgilebis zedapiris forma an
gansazRvrulia bunebrivi pirobebiT, an dainiSneba praqtikiT miRebuli
gamocdilebis safuZvelze [1].

zRvruli wonasworobis ZiriTad pirobas ferdos masivis  (karieris
bortis) nebismier sibrtyeze aqvs Semdegi saxe  [2]:

( )n   , (1)
sadac, τ da σn mxebi da normaluri Zabvebia mocemul sibrtyeze.
ganvixilavT  brtyeli daZabuli mdgomareobis  SemTxvevas, roca Zalebi

moqmedeben erT sibrtyeze mdebare ori wrfis mimarTulebiT da  erTi mTavari
Zabva nulis tolia.

rogorc wesi, mTis qanebi  yvela mxridan kumSvis pirobebSi imyofeba
moculobiT daZabul mdgomareobaSi, amitom mkumSav Zabvebs dadebiTi niSani

aqvs. maqsimaluri mTavari Zabva aRiniSneba σ1-iT, minimaluri σ3-iT da saSualo

σ2-iT.
ferdoebis mdgradobis Teoriuli gaangariSebis meqaniko-maTematikur

safuZvels warmoadgens gruntis masis an e.w. fxvieri garemos zRvruli
wonasworobis Teoria.
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fxvieri garemos zRvruli wonasworobis TeoriaSi ganixileba
erTmaneTisagan meTodiT da gadawyvetilebiT principulad gansxvavebuli  ori
ZiriTadi amocana:

1) amocana, romlSic masivis romeliRaca midamos nebismier wertilSi
dakmayofilebulia zRvruli wonasworobis piroba;

2) amocana, romlSic masivis nebismier wertilSi ar aris
dakmayofilebuli zRvruli wonasworobis piroba, aramed kmayofildeba
mxolod mis Siga sazRvarze.

pirveli jgufis amocanebis gadawyvetis  meTods ewodeba fxvieri garemos
zRvruli daZabuli mdgomareobis meTodi, xolo meores - fxvieri garemos
zRvruli wonasworobis meTodi.

pirveli meTodis ganviTareba Tanamedrove saxiT miRebulia mecnierebis v.
v. sokolovskis da s. s. goluSkeviCis mier [2].

2. ZiriTadi nawili
amocanebis zRvruli daZabuli mdgomareobis meTodiT amoxsna

sagrZnoblad martivdeba, Tu BC wrfes (nax.1) gavagrZelebT abscisTa RerZTan

gadakveTamde da O’ wertils ganvixilavT, rogorc pirobiTi (dayvanili)

Zabvebis sidideebis  saTaves. σn-is gadatana O-dan O’ wertilSi zrdis

normalur Zabvebs   sididiT:

H Kctg (2)
es damokiduloba farTod gamoiyeneba zRvruli wonasworobis

mdgomareobis meTodiT amocanebis amoxsnis dros. rogorc 1 naxazidan Cans

koordinatTa saTavis O’ wertilSi gadatana  ar cvlis mxebi Zabvebis sidides,

xolo normaluri Zabvebi H monakveTiT izrdeba. amocanis amoxsna sagrZnoblad

martivdeba, Tu visargeblebT pirobiTi (dayvanili) Zabvebis saSualo sididiT:

1 3

1
( )

2
H     (3)

am SemTxvevaSi zRvruli wonasworobis piroba umartives saxes miiRebs

1 3

1
( ) sin

2
     (4)

1
sin 2

2
   . (5)

nax.1. damokidebuleba namdvil da pirobiT Zabvebs Soris:

a - pirobiTi Zabvebi sibrtyeze;  b - pirobiTi Zabvebi grafikze.
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v. v. sokolovski da sxva mravali avtori H monakveTs yvelamxrivi

Tanabari gaWimvis dros droebiT winaRobas uwodeben [2].  sinamdvileSi

eqsperimentaluri monacemebi da Teoriuli mosazrebebi aCvenebs, rom mTis

qanebs, romlebic warmoadgenen myife masalas, aglejvaze winaRobis aseTi

sidide ar unda hqondes.

Tu am masalebs CavayenebT yovelmxriv Tanabar gaWimvis pirobebSi, maSin

sxvadasxva niSniani mxebi Zabvebi erTmaneTs gaabaTileben da rRvevas

gamoiwvevs ara is Zalebi, romlebic erTRerZa kumSvis dros nimuSis rRvevas

iwveves, aramed normaluri udidesi ZabvebiT gamowveuli aglejva. masalis

yvelamxrivi gaWimva ar iwvevs udides gamWimav mTavari Zabvis sididis

cvlilebas, magram amcirebs mxebi Zabvebis sidideebs da xels uwyobs

plastikuri masalebis rRvevas aglejvaze.

myife masalebi irRvevian erTRerZa kumSvis drosac (da aseve ZvriT,

gamowveuli umniSvnelo sididis normaluri ZabvebiTac) normaluri gamWimavi

Zabvebis mimarTulebiT sibrtyeebze aglejviT. gverdiTi gamWimavi Zalebis

gazrda ar zrdis Zabvebs am sibrtyeebze da amitomac ar icvleba σ2 sidide.

mTis qanebis droebiTi winaRoba aglejvaze erTRerZa Wimvis dros ar

gansxvavdeba droebiTi winaRobisgan yvelamxriv Tanabar gaWimvis SemTxvevisgan.

amaSi vlindeba myife masalebis ZiriTadi gansxvaveba plastikuri masalebisgan.

plastikuri masalebisTvis winaRoba aglejvaze ufro metia vidre winaRoba

Zvraze. myife masalebisTvis piriqiT, winaRoba Zvraze da kumSvaze ufro metia

vidre winaRoba aglejvaze.

mocemul sibrtyeze namdvili da pirobiTi Zabvebis fardoba naCvenebia 1

naxazze, saidanac Cans, rom normaluri Zabvis gazrda H sididiT iwvevs

sibrtyis normalsa da p-s mimarTulebas Soris arsebul δ kuTxis cvlilebas.

zRvrul mdgomareobaSi δ' toli xdeba δ kuTxis (nax.1) da imis gamo, rom

erTgvarovan izotropul garemoSi zRvruli daZabuli mdgomareobis pirobebis

dros mis yovel wertilSi arsebobs dacurebis ori erTmaneTTan 





  

2

kuTxiT

gadakveTili sibrtye, am sibrtyeebze moqmedi  pirobiTi Zabvebi aRmoCndeba

SeuRlebuli e.i. roca erTerTis mimarTuleba paraleluri iqneba im sibrtyis,

romelzec moqmedebs meore.

karierebisTvis, romelTa bortebs gegmaSi gaaCniaT mcire simrude,

daZabuli mdgomareobis prtyeli amocanis amoxsnisas miiReba sakmaod zusti

Sedegi, rodesac mxebi Zabvebis τzy-is da τzx-is komponentebi 0-is tolia, xolo

Zabvebis danarCeni kompinentebi, romlebic emTxvevian qanobis zeda da qveda

kideebis mimarTulebebs, ar arian damokidebulni Z koordinatebze.

brtyel amocanaSi, rodesac xy sibrtyeze gadaikveTebian dacurebis

zedapirebi miiReba wrfivi dacurebis bade (nax.2).
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nax.2. dacurebis wirebis ori ojaxi

gruntebis zRvruli daZabuli mdgomareobis wonaswarobis

diferencialuri gantolebebi. brtyeli amocana. rogorc drekadobis

Teoriidana cnobili zogad SemTxvevaSi daZabul mdgomareobaSi nebismieri

wrfivad deformirebad sxeulebisaTvis wonasworobis diferencialuri

gantolebebi Caiwereba Semdegi saxiT [3]





















yxyx

yxyxyx ;0
(6)

sadac ,  aris Sesabamisi Zabvebi;  - gruntis xvedriTi wona. am or

diferencialur gantolebaSi sami ucnobia (x, xy, ), e.i. amocana  (damatebiTi

pirobebis gareSe)  statikurad  ganusazRvrelia. Tu  am  or gantolebas

daumatebT mesame gantolebas, magaliTad, fxvieri garemos zRvruli

wonasworobis  gantolebas,romelsac Semdegi saxe aqvs:

2
2 2 21 sin

( ) ( 2 )
4 4x y xy x y H

         (7)

maSin miviRebT sam  gantolebas sami ucnobiT. maSasadame, amocana statikurad

gansazRvruli iqneba. garkveuli gardaqmnebiT miRebulia dacurebis wiris

gaswvriv maxasiaTeblebis  diferencialuri gantoleba, romelic γ
moculobiTi  woniT vertikalurad mimarTuli midamosTvis Caiwereba Semdegi

saxiT (nax.3):

              ( ),

2  tg (  ),

dy dx tg
d d dy tg dx

 
     

 
   




(8)

სადაც φ - udides σ1 Zabvis mimarTulebasa da x RerZs Soris arsebuli kuTxea.

σ - pirobiTi Zabvis saSualo sidide (ნახ.4),
4 2

 
   aris σ1 Zabvis

mimarTulebasa da dacurebis zedapirs Soris kuTxe.

am gantolebebSi niSani minusi ekuTvnis dacurebis wiris pirvel

ojaxs, xolo niSani pliusi - meores.

konkretuli amocanebis ricxviTi gadawyvetis TvalsazrisiT

SemoviRoT uganzomilebo cvladebi: x , y ,  , romelebic dakavSirebulia

Semdegi TanafardobiT: ,    y ,x x y
K K K
  

   ,
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ნახ. 3. კოორდინატთა ღერძების დადებითი ნახ. 4. დამოკიდებულება პირობით ძაბვასა და
მიმართულება და φ კუთხეთა ათვლის მიმართულება გარე ნორმალურ დატვირთვებს შორის

qvemoT  xazebi  asoebis  Tavze mocilebuli iqneba, vinaidan

gaangariSebas  vawarmovebT, daSvebiT,  roca γ=1 da K=1. imisaTvis, rom

gadavideT uganzomilebo koordinatebidan namdvilze, sakmarisia pirveli

gavamravloT    fardobaze.

axla, diferencialebi: dx, dy, dσ, dφ pirveli ojaxis dacurebis

wirebisTvis SevcvaloT sasruli sxvaobebiT [4]:

1 1 1 1 1 1 1 1;   ;   ;   ;dx x x dy y y d d            

xolo, meore ojaxis dacurebis wirebisTvis:

2 2 2 2 2 2 2 2;   ;   ;   ;dx x x dy y y d d            

(8) diferencialuri gantolebebis nacvlad miviRebT Semdeg algebrul

gantolebaTa sistemas:

1 1 1

1 1 1 1 1

2 2 2

2 2 2 2 2

 tg( - ),

2   ,

 tg( ),

2    ,

y x
tg y x tg

y x
tg y x tg

 
    

 
    

   
       
    
        

(9)

am gantolebebis gamoyenebiT SeiZleba ganisazRvros dacurebis ori wiris

gadakveTis C wertilis x, y, σ, φ koordinatebi da sidideebis miaxloebiTi

mniSvnelobebi, Tu es sidideebi cnobilia am wirebze mdebare 1 da 2 wertilebSi

(nax. 3.).

bunebrivia, SeiZleba Sebrunebuli amocanis gadawyvetac: C da 2 wertilebSi

mocemuli x, y, σ, φ sidideebiT SeiZleba ganisazRvros 1 wertilis

koordinatebi, Tu maTSi cnobilia σ, φ anda SeiZleba ganisazRvros x, y, φ, Tu am

wertilSi cnobilia σ. igive SeiZleba iTqvas 2 wertilis mimarT.

xSirad gvxvdeba  e.w. gadagvarebuli  SemTxveva, roca garkveuli

pirobebisaTvis erTi ojaxis wirebi TandaTan uaxlovdebian  da moiWimebian

erT wertilisaken; am SemTxvevaSi baqnebze pirobiTi Zabvebi, romlebic

warmoadgens dacurebis wirTa konis sawyiss, icvleba  kanoniT:

2' '' tge       . (10)
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wertili, romeliskenac moiWimebian (Tavs iyrian)  dacurebis wirebis erTi

ojaxi,  prandtlis wertili ewodeba [1] .

ganvixilavT ra fxvieri garemos zRvruli daZabulobis Teoriis brtyeli

amocanis ZiriTad sakiTxebs, aucilebelia mivuTiToT minimalur da maqsimalur

daZabuli mdgomareobis zonebis arsebobaze, an ufro zustad jdenis da

amoburcvis zonebze.

jdenis zona ewodeba deformirebuli masivis im nawils, romlis

zedapirze modebulia p intesivobis  aqtiuri datvirTva, romelic iwvevs

dacurebis zedapirebis warmoSobas da aqtiuri datvirTvebis moqmedebis

mimarTulebiT mTliani zonis gadaadgilebas.

amoburcvis zona ewodeba moSiSvlebuli zedapiris mimdebare

deformirebul masivis nawils, romelic amoiburceba jdenadi zonis dawolis

zemoqmedebiT, amasTan erTad amoburcvis zonis zedapiri SeiZleba iyos an

Tavisufali, an masze modebuli iyos q intensivobis datvirTva.

Tu p da q warmoadgenen zRvrul daZabul mdgomareobaSi myof fxvieri

garemos zedapirze normalur datvirTvebs, maSin maTgan pirvelis mimarTuleba

emTxveva σ1-is mimarTulebas, xolo  meore σ3-s, da am SemTxvevaSi dacurebis

baqnebi  jdenis zonis nawilSi moqceul zedapirTan Seadgenes (45 )
2


  -is tol

kuTxes, xolo amoburcvis zonis zedapirTan - (45 )
2


  .

udidesi mTavari Zabvis minimaluri sidide, romelic aucilebelia jdenis

da amoburcvis zonaSi zRvruli wonasworobis pirobisTvis, erTRerZa kumSvaze

droebiTi winaRobis tolia:

1 0 2Kctg    , (11)
amasTan erTad, jdenis zonis zedapirze es Zabvebi SeiZleba warmoiSvas

0
90H 


 simZlavris  vertikaluri  mTis qanebis drekadi feniT.

Tu jdenisa da amoburcvis zedapirebi horizontaluria, xolo maTze

moqmedi ganawilebuli p da q namdvili datvirTvebi vertikaluri da mudmivi,

maSin am zonebSi dacurebis wirebi wrfivia (nax.5), xolo maTi pirobiTi Zabvebi

ar aris damokidebuli x-ze da jdenis zonaSi ganisazRvreba formuliT:

1 sin

p H y



 




, (12)

xolo amoburcvis zonaSi formuliT:

1 sin

p H y



 




; (13)
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TuU p=σ0 და q=0, maSin amoburcvis da jdenis zedapirebze arsebuli

Zabvebi aRmoCndebian erTnairi








sin11sin1sin1
0

0 









ctgHH . (14)

namdvil normalur p da q intensivobis datvirTvebsa da pirobiT Zabvebs

Soris Tanafardoba ilustrirebulia me-4 naxazze.

imisTvis rom, fxvieri garemo romeliRac midamos yovel wertilSi

imyofebodes zRvrul daZabul mdgomareobaSi, aucilebelia am midamoze

Zabvebis ganawilebisTvis garkveuli pirobebis uzrunvelyofa, romelsac

konturuli (sasazRvro) piroba ewodeba.

nax.5. dacurebis wirebis bade:

a - jdomis prizmaSi; b - amoburcvis prizmaSi

3.daskvna

konturuli (sasazRvro) pirobebidan gamomdinare zRvruli  midamos

konturis gansasazRvravad, agreTve  kvanZebSi σ da φ-is maxasiaTeblebis
dasadgenad SesaZloa rigi amonaxsnebis povna. amasTan, sasazRvro
pirobebis gaTvaliswinebiT konkretuli amocanebisTvis SeTavsebiT ixsneba
(9) gantolebebis esa Tu is wyvili.
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Балки замкнутого сечения

О. Г. Хазарадзе, Ф. Г. Верулашвили, В. Ш. Турашвили
(Грузинский технический университет,  ул. Костава 77, 0175, Тбилиси, Грузия)

Резюме: В работе рассматривается применения металлических составных балок
замкнутого сечения. Замкнутые, в частности коробчатые, сечения
примениают при необходимисти увелечения жестокости балок в
поперечном направлении. Более высокая несушая способность замкнутного
сечения при работе изгиб в двух плоскотях и на кручение.

Ключевые слова: Балка, прочность, жестокость, устойчивость, изгиб, кручение,
сечение, гибкость стенки, предельный прогиб.

1. Введение
Балки замкнутого сечения применияют часто при необходимости увелечения

жестокости болок в поперечном направлении, при отсутствии поперечных связей, изгибе в
двух плоскостях, наличии крутящих момоентов, при ограниченной строительной высоте и
больших поперечных силах.

2. Основная часть
Металлических составные балки двутаврового сечения применяют в случаях, когда

прокатные балки не удовлетворяют условиям прочности, жестокости, общей устойчивости,
т.е. при ьальших пролетах и болших изгибающих моментах, а также если они экономичнее.

Металлических балки замкнутого сечения обладают рядом преимушеств по сравнению
с открытыми-двутавровыми сечениями. К ним относятся:

Более высокая несушая способность конструкций или их элементов при работе на
изгиб в двух плоскостях и на кручение. Материал в замкнутых сечениях располагается в
оснавном в периферийных зонах по отношению к центру тяжести, это обусловливает
увелечение моментов инерции и сопротивления относительного оси-у (из плоскости
элемента) и момента инерции на кручение. Ввиду существенного несколько раз увеличения
момента инерции на кручение в элементах с замкнутыми сечениями, как правило,
исключается изгобно-крутильная форма помери устойчивости.

Элементы с замкнутыми сеченями более устойчивы при монтаже, менее подвержены
металлическим повреждениям во время транспортировки и монтажа.

Замкнутые, в часности коробчатые сечения применяют при необходимости увелечения
жестокости балок в поперечном направлении, при отсутствии поперечных связей, изгибе в
двух плоскостях, наличии крутящих моментов, при ограниченной строительной высоте и
больших поперечных силах.

Подобным силовым воздействиям при названных конструктивных ограничениях
подвегаются балочные конструкции мостов, силовых элементов промышленных
сооружений, кранов и др. Коробчатая балка представлен на рис. 1
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рис. 1 Коробчатая-замкнуная балка
Наличие двух стенок делает особенно актуальной задачу уменшения их толщины при

обеспечении месной устойчивости. конструктивно это достигается либо искривлением
стенки, или постановкой различного типа связей между стенками.

Подбор параметров коробчатого сечения аналогичен как для открытых профилей.
Отличительные особенности формируемых здесь разрешаюших зависимостей обусловлены в
основном не конструктивными отличиями, а более сложным характером силового
воздеиствия на которое ориентированы балки коробчатого сечения. Если раньше мы
рассматривали изгиб только в вертикальной плоскости, то здес необхадимо учитивать изгиб
в двух плоскостях. Наличие саловых воздействий в плоскостях, x и y обусловливает
появление Мх и Му. При этом условия прочности при упругой стадии работы следует

представить когда
x

y

M

M


рис. 2  Коробчатое сечение
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где
f


 w Минимум плошади в выражении (6) при заданных гибкостях стенок при заданных

гибкостях, как и в двутавровых сечениях, при а=0.5.
Этой плошади соотвествует

 3
5,0

cy

x
wopt 1

R

M
5,1h 


 (7)

Минимальную высоту балки коробчатого сечения определяют, так же как и в

двутавровой балке по формуле
M
M

fE
R

h n

u

cy
inm 




2

48

10  (8)

где uf - нормируемый предельный прогиб

где
A

A
a w , w1, f1 - гибкость соотвесвенно одной стенки и одной полки, Aw – плошадь двух

стенок.
0 плошади Аf и гибкости  Аf1 могут быть определены либо толшина, либо ширина

полки:
1

A
t

f

f
f 

 или f1ff  Ab (9)

Необходимый набор провек для балок замкнутного сечения в принципе совпадает с
таковым для составных балок двутавного сечения.

3. Выводы
В работе рассматривается замкнутные, в частности коробчатые сечения. Эти сечения

применияют при необходимости увеличения жестокости в поперечном направлении, изгибе в двух
плоскостиях, наличии крутящих моментов. Подобным силовым воздействиям при названных
конструктивных ограничениях подвергаются балочные конструкции мостов, силовых элементов
промышленных сооружений, кранов и др.
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kldovani da naxevrdakldovani mTis qanebis Sreebisagan
Sedgenili ferdoebis mdgradoba

S. baqaniZe, l. zambaxiZe, g. Salitauri
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175 Tbilisi,

kostavas  77)
reziume: statiaSi gaanalizebulia kldovani da naxevradkldovani mTis
qanebis Sreebisagan Sedgenili ferdoebis mdgradobis sakiTxi. ricxviTi
gaangariSebis safuZvelze dadgenilia, rom ferdos da qanebis Sreebis
daxris Tanxvedrisas ferdos mdgradoba uzrunvelyifili ar aris.
sakvanZo sityvebi: kldovani da naxevradkldovani qanebi, Sreebi, ferdo,
mdgradoba, daxris Tanxvedra.

1. Sesavali
rogorc cnobilia, kldovani da naxevradkldovani mTis qanebis

Sreebisagan Seqmnili ferdoebis gamagrebis RonisZiebaTa dagegmvisas didi
mniSvneloba aqvs ZiriTadi qanebis daxris mimarTulebas ferdos grZiv
daxrasTan mimarTebaSi.

Tu ZiriTadi qanebis daxra ar aris Tanxvedrili ferdos grZiv
daxrasTan, es ar iTvleba mSeneblobis xelisSemSlel faqtorad.
mdgomareoba rTuldeba maSin, roca zemoaRniSnuli daxrebis mimarTulebebi
Tanxevdrilia. aseT ferdoebze Senoba-nagebobebis asagebad saWiroa raime
konstruqciuli RonisZiebebis gatareba maT gasamagreblad (sayrdeni
kedeli, ximinjebi, gruntuli ankerebi, membranebi da a.S.).

aseT SemTxvevaSi upirveles yovlisa, saWiroa ferdos mdgradobis
gaangariSeba. Tu aRmoCndeba, rom ferdo mdgradia (anu ferdos Sreebis
SemakavSirebeli Zalebi aRemateba maTi Zvris Zalebs), misi gamagrebis
saWiroeba ar aris. winaaRmdeg SemTxvevaSi ki - saWiroa ferdos gamagreba.

2. ZiriTadi nawili
2.1. ganmarteba

zemoaRniSnuli sakiTxi ganxiluli gvaqvs konkretul realur
magaliTze: q. TbilisSi, SatberaSvilis da kekeliZis quCebis mimdebared, 6
sarTuliani sacxovrebeli saxlis mSenebloba (nax. 1).

geologiuri daskvnis Tanaxmad, geomorfologiuri TvalsazrisiT,
samSeneblo moedani mdebareobs q. Tbilisis asimetriuli qvabulis
marcxena-dasavleT mxares. morfologiurad is mdinare veres xeobis
marjvena nawilSia da warmoadgens mamadaviTis qedis Crdilo ferdobis Sua

nawils, daxrils 20-30, zoggan 25-35-iT, danawevrebuls uwylo xevebiT da
niaRvrebiT. uSualod samSeneblo moedani aris wyalgamyofi nawili ori
aseTi xevisa.

ZiriTadi qanebis vardnis kuTxe 25-28 Tanxvedrilia ferdobis grZiv

daxrasTan (25-40).
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nax. 1 samSeneblo moednis topografiuli gegma

samSeneblo moedanze gamoyofilia 2 sainJinro-geologiuri elemeneti:
I s.g.e. – gamofituli ZiriTadi qanebis – qviSaqveebisa da argilitebis

morigeoba (=1,9 t/m3, R=4 kg/sm2);
II s.g.e. – sustad gamofituli ZiriTadi qanebis-qviSaqvebis da

argilitebis morigeoba (=2,37 t/m3, R=63 kg/sm2).
radgan Senobis eqspluataciis periodSi gamoricxuli ar aris ferdos

SreebSi zedapiruli wylebis Cadineba, ferdos mdgradobaze
gaangariSebisas miRebuli gvaqvs qanebis Zvris parametrebis mniSvnelobebi
maTi wyalnajeri mdgomareobisaTvis.

gaanagriSebebSi miRebuli gvaqvs orive Sris gasaSualebuli

mniSvnelobebi: =19,5, C=0,1 t/m2.

rac Seexeba ferdos da Sreebis daxris kuTxeebs, gaangariSebebSi
miRebuli gvaqvs maTi maqsimaluri mniSvnelobebi, kerZod: ferdos daxris
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kuTxe - 40 da Sreebis daxris kuTxe - 28. gaangariSebebSi maragis
koeficienti miRebulia k=1,5.

naSromSi motanili gvaqvs gaangariSebebi ferdos mxolod erTi ganivi
profilisaTvis (ferdos erTi grZivi metrisaTvis).

2.2. ferdos gaanagriSeba mdgradobaze.
sawyisi monacemebi.
kldovani da naxevradkldovani gruntebisaTvis ferdos mdgradobis

pirobaa [1]:

0R
k

1
NnS

H
c  (1)

sadac: N da R Sesabamisad, ganzogadoebuli Zvris Zalis da Zvris
zRvruli winaaRmdegobis saangariSo mniSvnelobebia.

KH da nc – Sesabamisad, saimedoobisa da datvirTvaTa SeTawyobis
koeficientebi (nc=0,9 da KH=1,25);

N da R gamoTvleba Semdegi formulebiT:

    ;cosQcosUcosksinGN 2c  (2)

      cLQUUkGtgR c   sinsinsincos 21 (3)

sadac:
G gansaxilveli masivis wonaa;

tg da C – Zvris parametrebis saangariSo mniSvnelobebia ferdos
mimarTulebiT ganTavsebuli bzarisaTvis;

 - bzaris daxris kuTxe;
L - bzaris gansaxilveli monakveTis zoma (sigrZe);
U1 da U2 – wylis hidrostatikuri dawnevis Zalebi, Sesabamisad,

gansaxilveli masivis qveda da gverdiT waxnagebze;
Q – masivze moqmedi gare Zala,
Kc – seismuri koeficienti;

 da  – Sesabamisad, gare da seismuri Zalebis horizontis mimarT
daxris kuTxeebi.

gaangariSebebSi miRebulia:
raionis seismuroba – 8 bali (Kc=0,05)
datvirTvebis SeTawyobis koeficienti: Пс=0,9
seismuri Zalebis mimarTuleba – horizontaluri (=0);
saimedoobis koeficienti: KH=1,25.
U1=0, U2=0  (gruntis wylebi ar aris gamovlenili);
Q=0 (masivze ar moqmedebs gare Zala);

=19,5 (tg =0,351);
C=0,1 t/m2.
=28 (sin =0,46947; cos =0,88295)
2.3. masivebis wonebis gansazRvra (nax. 2)
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nax. 2 ferdos ganivi profili

gruntis masivebis wonis gaangariSeba.

36,037,2
2

3,01
1 


G t;

3,137,2
2

7,04,0
2 


G t;

da a.S. 24,937,2
2

48,3
13 


G t.

2.4. Zvris Zalebis gaangariSeba.
N1=0,36(0,4697+0,050,88295)=0,360,5136=0,18 t.

N2=1,30,5136=0,67 t.

N3=2,130,5136=1,09 t.
da a.S.

N13=9,240,5136=4,75 t.
2.5. Zvris zRvruli winaaRmdegobis Zalebis saangariSo mniSvnelobebis

gansazRvra.
     21,01,0859,036,0351,011,046947,005,088295,036,0351,01 R t

Sesabamisad:

  49,01,0859,03,1351,0R2  t da a.S.

  89,21,0859,024,19351,0R13  t.
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miRebuli monacemebi Segvaqvs cxrilSi 1.

ferdos madgradobis gaangariSeba cxrili 1

blokis № masa (t) N(t) R(t) maragis
koeficienti
k

S (t)
(S=N-R)

1 0,36 0,18 0,21 1,17 -0,03
2 1,3 0,67 0,49 0,73 0,18
3 2,13 1,09 0,74 0,68 0,35
4 2,84 1,46 0,96 0,66 0,5
5 3,32 1,71 1,1 0,64 0,61
6 3,91 2,0 1,28 0,64 0,72
7 4,62 2,37 1,49 0,63 0,88
8 5,45 2,8 1,74 0,62 1,06
9 6,28 3,23 1,99 0,62 1,24
10 6,87 3,53 2,17 0,61 1,36
11 7,58 3,89 2,39 -0,61 1,5
12 8,53 4,39 2,67 0,61 1,71
13 9,24 4,75 2,89 0,61 1,86
jami - 32,06 20,12 - 11,91

rogorc vxedavT, yvela blokis mdgomareoba (garda I blokisa),
aramdgradia. cxadia, yvela blokisaTvis da mTlianad, masivisaTvis, ar aris
daculi (1) piroba, radgan Cven SemTxvevaSi:

075,1212,20
25,1

1
06,329,0S 

3. daskvna

rogorc gaangariSebam gviCvena, ganxilul konkretul samSeneblo
moedanze, kldovani da naxevradkldovani mTis qanebisa Sreebisagan
(qviSaqvebisa da argilitebis monacvleoba) Sedgenili ferdos mdgradoba
ferdos da qanebis daxris Tanxvdenisas uzrunvelyofili ar aris da
saWiroa raime konstruqciuli RonisZiebebis gatareba mdgradobis
deficitis aRmosafxvrelad.

literatura

1. Рекомендаций по расчету устойчивости скальных откосов, М, 1986, с. 50
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Применение модели авторегрессии и проинтегрированного скользящего
среднего для краткосрочного прогнозирования стока реки.

А. Ахвледиани, А. Гоголадзе, Г. Ахвледиани.
(Грузинский технический университет, ул. М. Костава 77, 0175

Тбилиси, Грузия.)

Резюме: Многие эмпирические временные ряды ведут себя, как будто они не имеют
фиксированного  средного значения. Но даже при этом они выгладят однородними в
том смысле,что если не учитывать локальный уровень или, возможно, локальный
уровень и тренд,любая часть временного ряда по своему поведению  во многом подобна
любой другой.Модели, описивающие такое однородное нестационарное поведение,
можно получить, предположив,что некое подходящая разность процесса стационарна.
Расмотрим теперь своиства важнеишего класса моделей, в которых d-я разность есть
стационарный смешанный процесс АРСС. Эти модели называются процессами
авторегресси- проинтегрированного скользящего средного (АРПСС).Стохастические
ряды наблюдения  над стокам реки среднегодовой дискретизации для некоторых рек
можно отнести к таким процессам.Впервые модели авторегрессии и
проинтегрированного скользящего среднего (АРПСС) была предложена американскими
учёными Боксом и Дженкинсом в 1976 г.(1) как один из методов оценки неизвестных
параметров и прогнозирования временных рядов.
Ключевые слова: Авторегрессия,проинтегрированное скользящее среднее,
моделирование, нестационарность, прогнозирование, речной сток,среднегодовой
дискретизациа.

1.В ведение

Моделью (АРПСС) называется модель, которая применяется при моделировании
нестационарных временных рядов к токовым мы можем отнести ряды наблюдения над
расходами речного стока.Нестационарный временной ряд характеризуется непостоянными
математическим ожиданием, дисперсией, автоковариацией и автокорреляцией.

2. Основная часть
В основе модели авторегрессии и проинтегрированного скользящего среднего лежат два

процесса:
1. процесс авторегрессии;
2. процесс скользящего среднего.

В отдельности процесс  как  авторегрессии, так и  скользящего среднего нами детально
были разобраны в наших предидущих работах (1,2,3) на конкретных примерах.

В представленой работе расмотрим процесс (АРПСС). В общем виде модель
авторегрессии и проинтегрированного скользящего среднего описывается формулой:

= C + (1)
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где: С – свободный член модели, являющийся константой;
аt – некомпенсированный моделью случайный остаток.

Модель авторегрессии и проинтегрированного скользящего среднего записывается
как АРПСС(p,d,q) где:

p – параметры процесса авторегрессии;
d – порядок разностного оператора;
q – параметры процесса скользящего среднего.

Для рядов с периодической сезонной компонентой применяется модель авторегрессии и
проинтегрированного скользящего среднего с сезонностью, которая в обозначениях Бокса и
Дженкинса записывается как АРПСС (p,d,q) (ps,ds,qs), где:

ps – сезонная авторегрессия;
ds – сезонный разностный оператор;
qs – сезонное скользящее среднее.

Моделирование нестационарных временных рядов с помощью модели авторегрессии и
проинтегрированного скользящего среднего осуществляется в три этапа:

1. проверка временного ряда на стационарность;
2. идентификация порядка модели и оценивание неизвестных параметров;
3. прогноз.

Применение модели АРПСС предполагает обязательную стационарность исследуемого
ряда, поэтому на первом этапе данное предположение проверяется с помощью
автокорреляционной и частной автокорреляционной функций ряда остатков. Остатки
представляют собой разности наблюдаемого временного ряда и значений, вычисленных с
помощью модели.

Устранить нестационарность временного ряда можно с помощью метода разностных
операторов.Разностным оператором первого порядка называется замена исходного уровня
временного ряда разностями первого порядка:

= - (2)

Разностные операторы первого порядка позволяет исключить линейные
тренды.Разностные операторы второго порядка позволяют исключить параболические
тренды.Сезонные разностные операторы предназначены для исключения 12-ти или 4-х
периодичной сезонности:

= - или = - (3)

Если модель содержит и трендовую, и сезонную компоненты, то необходимо применять
оба оператора.

На втором этапе необходимо решить, сколько параметров авторегрессии и
скользящего среднего должно войти в модель.В процессе оценивания порядка модели
авторегрессии и проинтегрированного скользящего среднего применяется
квазиньютоновский алгоритм максимизации правдоподобия наблюдения значений ряда по
значениям параметров. При этом минимизируется (условная) сумма квадратов остатков
модели. Для оценки значимости параметров используется t-статистика Стьюдента. Если
значения вычисляемой t-статистики не значимы, соответствующие параметры в большинстве
случаев удаляются из модели без ущерба подгонки.
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Полученные оценки параметров используются на последнем этапе для того,
чтобы вычислить новые значения ряда и построить доверительный интервал для
прогноза.

Оценкой точности прогноза, сделанного на основе модели авторегрессии и
проинтегрированного скользящего среднего является среднеквадратическая ошибка
(meansquare), вычисляемая по формуле:

= - (4)

чем меньше данный показатель, тем точнее прогноз.
Модель авторегрессии и проинтегрированного скользящего среднего считается адекватной

исходным данным, если остатки модели являются некоррелированными нормально
распределёнными случайными величинами.

Ограничения. Следует напомнить, что модель АРПСС является подходящей только
для рядов, которые являются стационарными (среднее, дисперсия и автокорреляция
примерно постоянны во времени); в случае нестационарных рядов следует брать разности.
Рекомендуется иметь, как минимум, 50 наблюдений в файле исходных данных. Также
предполагается, что параметры модели постоянны.

3. Заключение

В статье показана возможность подбора стохастических моделей для средногодичных
расходов стока реки в классе моделей АРПСС. В следующих работах авторами будут
детальнее  расмотрены вопросы как подбора так  и  идентификации   подобранных моделей
на конкретном материале.
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samxedro  Tanamgzavruli sistemis proeqti
a. xatelaSvili

(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,
Tbilisi, saqarTvelo)

reziume: Tavdacvis Tanamgzavruli sitemis amJamindeli proeqti

moicavs oTx mimarTulebas: daculi, farTozolovani, farTozolovani

mauwyebloba da viwrozolovani. mexuTe mimarTuleba, romelic moicavs

komerciul SATCOMOM sistemebs, aseve integrirebulia MILSATCOM
(Tavdacvis Tanamgzavruli sitema) servisebTan.

sakvanZo sityvebi: samxedro satelituri sistema, satelituri segmenti,

saxmeleTo terminali, fazuri antena.

1. Sesavali

DOD SATCOM proeqtis struqtura moicavs oTx ZiriTad sistemas (yvela
maTgani geosinqronul orbitazea), romelic operirebas axorcielebs UHF,
SHF da EHF diapazonze:

1 . UHF Semdgomi (UFO) sateliti;

2 . S H F samxedro satelituri kavSirebis sistema (DSCS);
3 . farTozolovani saerTaSoriso satelituri kavSirebis sistema (WidE

Global   SATCOM (WGS);
4. EHF Milstar sateliti.

დაცული ფართოზოლოვანი ფართოზოლოვა
ნი მაუწყებლობა

ვიწროზოლოვანი კომერციული

EHF Q/Ka-სიხშირის
MILSTAR I/II

• მაღალი დაცვა (AJ, LPI,
LPD, EMP)

• სატელიტთა შორის კავშირის
ჩვეულებრივი საშუალება

• განუმეორებელი კავშირის
საშუალებები

AEHF
• გაუმჯობესებული

გამტარუნარიანობა
• გაუმჯობესებული დაფარვა

TSAT
(ტრანსფორმაციული

სატელიტი)
• ფართოზოლოვან

ი/ დაცული
• პლატფორმა COTM
• IP-დაფუძნებული,

ქსელური-ცენტრალური

SHF S/Ka-სიხშირე
DSCS

• მაღალი
ინფორმატიულობა
პროექტით
მოსარგებლეთათვის

• საპასუხო კავშირი
ზედა დონესთან,
რომელიც
გამიზნულია DISN-
სთვის

• AJ-ის(რადიოკავშირის
ჩახშობა)რამდენიმე
შემთხვევა

WGS
• გაზრდილი

გამტარუნარიანო
ბა

• პლატფორმა COTM
• Ka-სიხშირის გაზრდა

Ka-
სიხშირე

UFO

• GBS Ka დატვირთვა
UFO სატელიტებზე

• მაღალი გამტარობა
• პატარა ანტენები
• სწრაფი იერიში/უკან

დახევა

WGS
• WGS—X & Ka

სიხშირე
• უკან

დასაბრუნებელი
გზა(არხი); 2-
მოქედების Ka-
სიხშირე

UHF P/L-სიხშირე
UFO

• მცირეწონიანი,
მობილური
ტერმინალები; COTM

• დაბალი
ინფორმატიულობა

• რაციის რეჟიმი,
ბრძოლა C2-სთან

MUOS
• 6–10X სისტემის

მოცულობა
• პორტატული

ტერმინალები
• დაყენებული OTM
• GIG-ის სრული

ინტეგრირება

L, C, Ku, Ka-სიხშირე

• მზარდი შესაძლებლობები
• მაღალი გამტარობა

—ტელემედიცინა
—CSS (კოდირებული
ჩართვის სისტემა)
—დანაწილებაზე
დაფუძნებული ოპერაცია
—ვიდეო

• დამცავი მოწყობილობის
გარეშე

• მომსახურების საფასურის
გადახდა

• მობილური სატელიტური
სისტემა COTM-ისთვის

სამხედრო და კომერციულ სატელიტურ სისტემებს არსებითი მნიშვნელობა აქვს საბრძოლო
მოქმედებებში მყოფი ჯარისკაცისთვის განსაკუთრებით მნიშვნელოვანი ინფორმაციის

მიწოდების მიზნით
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2. ZiriTadi nawili

UFO kompleqsi warmoadgens ZiriTad sistemas, taqtikuri mobiluri kavSirebis
ganxorcielebis TvalsazrisiT. UHF, EHF da msoflio masStabiT saerTaSoriso
samauwyeblo momsaxurebis (GBS) SesaZleblobis uzrunvelyofiT, UFO
satelituri sistema  mniSvnelovan rols asrulebs DOD-is xmis monacemTa da
video gadacemisaTvis saWiro moTxovnilebebis dakmayofilebis TvalsazrisiT.
aRniSnuliT yvelaze metad sargebloben saxmeleTo jarebi, romlebic
warmoadgenen ultra maRali sixSiris kavSirebis momxmarebelTa 85 procents.
UFO kompleqsi Sedgeba rva moqmedi sahaero xomaldisa da plus erTi orbitaze
arsebuli saTadarigo xomaldisgan, romelic warmoadgens geosinqronul
orbitebs.

EHF qvesistema uzrunvelyofs gaZlierebul CaxSobis sawinaaRmdego
telemetrul kavSirs, marTvas, mauwyeblobasa da flotis informaciul
komunikacias signalis damuSavebis mowinave teqnikis gamoyenebiT.

SHF diapazonis farglebSi moqmedebs ori samxedro satelituri sistema:
Tavdacvis satelituri kavSirebis sistema da farTozolovani saerTaSoriso
SATCOM satelitebi.

Tavdacvis satelituri kavSirebis sistema (DSCS) warmoadgens msoflio
masStabis samxedro satelitur qsels, romlis marTvac xorcieldeba
USSTRATCOM-is (amerikis SeerTebuli Statebis strategiuli sardlobis)
xelmZRvanelobiT DIS-s (informaciis dacvis usafrTxoebis administracia) mier.
DSCS Sedgeba kosmosisa da satelituri segemntebisagan saxmeleTo
terminalebTan erTad, romlebic moqmedebas axorcieleben SHF sixSireze Soreuli
mravalarxiani kaSirebis uzrunvelyofis mizniT. sistema warmoadgens aRniSnuli
gegmis mniSvnelovan nawils saxmeleTo, sazRvao an sahaero samxedro
momxmareblebis mxardaWeriT. amJamad, warmodgenilia 14 operaciuli DSCS
sateliti, xuT faza DSCS III satelitTan erTad geosinqronul orbitaze,
romelic dedamiwis garSemo Semovlas axorcielebs 22,300 milis simaRleze. xuTi
ZiriTdi DSCS III sateliti uzrunvelyofs dasayrdens msoflio masStabis
kavSirebisTvis 65  CrdiloeT ganedsa da  65  samxreT ganedze. DSCS-s xuT
satelitiani kompleqsi dedamiwaze arsebul terminalebs or satelitTan wvdomis
saSualebas aZlevs. satelituri sistema moicavs erT da mravali sxivis mqone
antenebs. TiToeul DSCS III satelits aseve gaaCnia  specialuri miznisTvis
gankuTvnili erT arxiani transponderi, romelic gamoiyeneba gadaudebel
qmedebebTan da jarebis mimarTulebasTan dakavSirebuli Setyobinebebis
gavrcelebis mizniT. TiToeul DSCS satelits gaaCnia eqvsi SHF transponderis
arxi (romelTagan erTerTi maTgani uzrunvelyofs CaxSobis sawinaaRmdego
SesaZleblobas), romelic uzrunvelyofs kodirebuli sityvebisa da
informaciuli komunikaciis SesaZleblobas msoflio masStabiT. erTi
regulirebadi refleqtoruli antena uzrunvelyofs gazrdili energiis sxivs,
romelic universalurad ergeba sxvadasxva zomis terminalebs.

DSCS III sahaero xomaldi warmoadgens sam RerZian, impulsurad stabilur
safren aparats, romlis wonac orbitaze Seadgens 2,550 funts sawvavTan erTad.
sahaero xomaldis marTkuTxa korpusis TiToeuli mxare Seadgens 6.5 futs, 38-
futiani siganiT (mzis elementebTan erTad). mzis elementebi warmoqmnis 1,100 vats,
romelic 837 vatamde mcirdeba xuTi wlis Semdeg. DSCS sixSiris gegma ganekuTvneba
SHF speqtrs (X sixSire), kavSiris aRmavali xazis 7,900-8,400 mhc sixSiresTan
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erTad, romelTa gadacemac xorcieldeba transponderebis mier kavSiris
daRmavali xazis  7,250-7,750 mhc farTozolovani saerTaSoriso satelituri
kavSirebis sistemiT. SATCOM Tavdapirvelad iyo cnobili rogorc
farTozolovani satelevizio retranslatoris satelituri sistema, romelic
uzrunvelyofs damatebiT SesaZleblobas amJamindeli DSCS kompleqsisTvis.
miuxedavad imisa, rom WGS kompleqsis dagegmareba daiwyo 1990-iani wlebis
periodSi, pirveli WGS-s eqspluataciaSi warmatebuli gaSveba ganxorcielda
2007 wlis 10 oqtombers da gadaeca sahaero Zalebs 2008 wlis 18 ianvars.   xolo
danarCeni oris ki ganxorcielda 2012 da 2013 wels.

sistema moicavs rva X-sixSiris fazirebul antenas, 10 Ka-sixSiris
parabolur antenas da erT X-sixSiris dedamiwis dafarvis antenas. rva X-
sixSiris fazirebuli antena miiCneva regulirebad antenebad maTTvis
damaxasiaTebeli fazirebuli antenebis teqnologiidan gamomdinare. WGS sahaero
xomaldi Seqmnilia komerciuli boingis modelze dayrdnobiT da orbitaze misi
wona Seadgens 7,600 funts.  mzis elementebi warmoqmnian 11 kilovats, romelic
TiTqmis 10-jer metia DSCS satelitis simZlavreze. radiatorebi da gaTbobis
milebi uzrunvelyofen ufro metad stabilur Termul garemos satelitisTvis da
amgvarad izrdeba ndoba misi moqmedebis vadis mimarT.

WGS sixSiris gegma ganekuTvneba SHF speqtrs, romlis mierac xdeba X
sixSirisa da Kka sixSiris gamoyeneba 7–8 ghc da 20–21 ghc sixSiris farglebSi,
romelsac Seswevs  ormxrivi kavSiris damyarebis unari X, ka sixSireebTan.

WGS uzrunvelyofs sakmaris gamtarunarianobas, da saSualebas aZlevs
UAV-s gamoiyenon samxedro SATCOM resursebi,  raTa Semcirdes komerciul
SATCOM-ze arsebuli damokidebuleba.

gadacemis siCqare saboloo terminalebisTvis damokidebulia momxmareblis
moTxovnebze, antenis zomasa da gamoyenebul modulaciaze. tipiuri
gamtarunarianoba TiToeuli WGS satelitisTvis iqneba gigabaiti wamSi (Gbps)
da 3.6 Gbps. ilstar satelituri sistema warmoadgens  gaerTianebul saSualebas,
romelic Seqmnilia sahaero Zalebis mier da gaaCnia satelituri jvaredini
kavSiris SesaZlebloba. Milstari uzrunvelyofs metad mZlavr, usafrTxo
kavSirebs fiqsirebul centrebsa da terminalebs Soris. ilstar-is unikaluri
SesaZleblobebi jarebs saSualebas aZlevs SeinarCunon informaciis flobiT
gamowveuli upiratesoba konfliqtis yvela doneze, maT Soris gaaZlieron srul
masStabiani dacva da uzrunvelyon jariskacebisTvis moqmedebis Tavisufleba
uwyveti, usafrTxo da CaxSobis sawinaaRmdego kavSirebis meSveobiT.

Milstar sateliti kosmosSi asrulebs komutatoris funqcias, romelic
momxmareblebs saSualebas aZlevs Seqmnan gansakuTrebiT mniSvnelovani
informaciis gadacemis sistema frenis periodSi.

MMILSTAR-is kompleqsi Sedgeba xuTi satelitisgan, romelic ganTavsebulia
dedamiwis garSemo naklebad daxril geosinqronul orbitebSi daaxloebiT 22,300
milis simaRleze. aRniSnuli satelitebi uzrunvelyofen dafarvas
65ºCrdiloeTidan 65º samxreTamde, orbitaze maTTvis mikuTvnebuli poziciidan.

pirvel or satelits gaaCnia Tavdapirveli strategiuli kavSirebis naklebad
informatiuli swrafi gadacemis (LDR) (75–2,400bps) unari. mesame da momdevno
satelitebs gaaCniaT monacemebis saSualo siswrafiT (MDR) gadacemis
SesaZlebloba (1.544 megabaitamde) LDR-sgan gansxvavebiT.

Milstar sateliti  ganTavsebulia  futis sigrZeze misi RerZis garSemo. mzis
masiuri elementebi warmoqmnian daaxloebiT 5,000 vatis energias, mis tvirTSi
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Sedis bortze arsebuli kompiuterebi romelTa meSveobiTac xorcieldeba
resursebis monitoringi da kontrolis funqciebi msoflio masStabiT xmis,
monacemebis, video, teletipisa da fototelegrafuli kavSirebis CaTvliT.
Milstar II aseve gaaCnia xmauris CamxSobi antena, romlis mierac xorcieldeba
mtris mier CaxSobis mcdelobis gauvnebelyofa.
Milstar uzrunvelyofs Tavsebadi kavSiris SesaZleblobebs wyalqveS, gemebze,
xmeleTze ganTavsebul da mobilur sistemebSi arsebul terminalebTan. Milstar-
is terminalis segmenti Sedgeba mravalmxrivi momsaxurebis mqone saxmeleTo,
sazRvao, wyalqveSa da sahaero funqciurad Tavsebadi terminalebisgan. amasTan
isini moicaven sahaero Zalebis da saxmeleTo sameTauro punqtebis terminalebs da
aseve  flotis ukiduresad maRali sixSiris satelitur programas (NESP)
sazRvao, sanapiro da wyalqveSa, aseve armiis erT arxian portatul CaxSobis
sawinaaRmdego (SCAMP) terminals da dacul, mobilur, CaxSobis sawinaaRmdego,
taqtikur terminals (SMART-T). eqspluataciisTvis  gankuTvnili SATC-is
umetesoba uzrunvelyofilia komerciuli SAT-COM-iT.

SATCO-is moTxovnebi ganisazRvreba USSTRATC-is mier, misi rolidan
gamodinare. romelic warmoadgens SATCO-is operaciul menejers MILSATC-sa da
komerciul SATCOM-Tan dakavSirebiT.

EMSS warmoadgens satelitze dafuZnebul satelefono da monacemTa
komunikaciis serviss, romelic xmisa da monacemTa dabali siCqaris gadacemis
servisebisTvis iyenebs komerciuli satelitis infrastruqturas, aseve
mcirewonian terminals DoD-isaTvis gankuTvnili punqtis meSveobiT, romelic
mierTebulia Tavdacvis sainformacio sistemis qselTan (DISN). mas SeuZlia
daculi kodirebuli sityvebis uzrunvelyofa da aseve mierTeba komerciul DSN
[Tavdacvis sakomunikacio qseli] satelefono servisebTan. EMSS aseve
uzrunvelyofs: samauwyeblo serviss, dacul peijerul kavSirs,
araklasificirebul magram sensitiur internetis protokoliT gaTvaliswinebul
qselur kavSirs (NIPRNet), saidumlo werilebis gadacemas, sakonferencio kavSirs
da saidumlo internetis protokoliT gaTvaliswinebul qselur kavSirs EMSS-
Tan erTad. EMSS-Tan erTad gamoyenebul saboloo terminals warmoadgens
iridiumis komerciuli satelituri telefoni, romlis usafrTxoebis
uzrunvelyofac SesaZlebelia da damtkicebulia „erovnuli uSiSroebis saagentos
(NSA) mier EMSS xelmisawvdomia DISA da DOD-isTvis, sxva federaluri
departamentebisa da saagentoebisTvis. zemoaRniSnuli sistemebi uzrunvelyofen
mZlavr, rentabelur integrirebul MILSATCOM struqturas, romelic
akmayofilebs Tavdacvis departamentis umniSvnelovanes moTxovnebs.

D3. daskvna
აTavdacvis Tanamgzavruli sistem qmnis SesaZleblobas raTa  globaluri

masStabiT Sesruldes misiebi, acilebul iqnes araprognzorebadi safrTxe,
ganxorcieldes marmarTva da konstroli Tanamedrove teqnologiebis gamoyenebiT.
Tanamedrove teqnologiebis saSualebiT xorcieldeba dazverva da informaciis
mopoveba, rac warmoadgens gadamwyvet upiratesobas amocanis warmatebiT
Sesasruleblad.
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or sayrdenze Tavisuflad mdebare Sedgenili kveTis koWis
eqsperimentuli kvleva

g. nozaZe
(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi, m.

kostavas q. #77)
reziume: Sedgenili kveTis konstruqciebis gamoyenebis are samSeneblo
industriaSi Zalzed didia. maT gaangariSebaSi metad mniSvnelovania
datvirTvis xangrZlivi moqmedebisas ganviTarebuli cocvadobis
deformaciebi. Teoriulad gaviangariSeT am sididis mniSvneloba yvela
mdgeneli erTgvarovani elementisaTvis drois nebismier momentSi da
eqsperimentiT unda davamtkicoT am gamoTvlebis samarTlianoba.
saeqsperimentod davamzadeT 2 metri sigrZis rkinabetonis tesebri
kveTis koWi; koWis wibo damzadda BB20 klasis, xolo Taro - BB15
klasis betonisagan. eqsperimentis mizans warmoadgenda Teoriuli
gamoTvlebis sisworis dadastureba.
sakvanZo sityvebi: kritikuli Zala, cocvadoba, deformacia, Zabva.

1. Sesavali
ukanaskneli wlebis ganmavlobaSi msoflioSi samSeneblo industriam

mkveTri naxtomiT waiwia win. rom araferi vTqvaT aSS-ze, aziis rig qveynebSi,
gansakuTrebiT CineTSi da arabul saxelmwifoebSi, zalzed swrafi tempiT
mimdinareobs axali qalaqebis mSenebloba, sadac ZiriTadad maRlivi Senobebi
Sendeba. amis ZiriTadi mizezi teritoriebis simcire da mosaxleobis siWarbea.
aseTi tipis SenobebSi ZiriTadad msubuqi konstruqciebi gamoiyeneba.
arqiteqtorTa da konstruqtorTa fantaziis da Sromis Sedegad iqmneba iseTi
tipis Sedgenili kveTis konstruqciebi, romlebSic erToblivad muSaoben
rkinabetoni da foladi, foladi da kompoziti, sxvadasxva maxasiaTeblis
mqone (sxvadasxva klasis) betonebi da a. S. aseT pirobebSi mniSvnelovania am
tipis konstruqciebis muSaobis kvleva rogorc drekad, ise plastikur
stadiaSi. Cems wina naSromebSi ganxiluli mqonda Sedgenili kveTis
konstruqciebis, kerZod rkinabetonis koWis, Teoriuli kvleva xangrZlivi
deformaciebis ganviTarebis pirobebSi. mocemul naSromSi mimoxiluli gvaqvs
eqsperimentuli kvlevis mosamzadebeli etapi. eqsperimentis Sedegebs Semdgom
naSromSi ganvixilavT.

2. ZiriTadi nawili
eqsperimentis Casatareblad davamzadeT Sedgenili kveTis rkinabetonis 2

m. sigrZis tesebri ganivkveTis koWi (nax.1).

Taro, romlis zomebia 30X10 sm, damzadda B20 klasis betonisgan, xolo wibo,
zomebiT 10X20 sm, damzadda B15 klasis betonisgan. gaWimul zonaSi samuSaod
gamoviyeneT AA-III klasis armatura diametriT 12 mm. koWi davamzadeT
saqarTvelos teqnikuri universitetis samSeneblo fkultetis saswavlo da
samecniero kvlevis laboratoriaSi. damzadebuli koWis suraTebi mocemulia
nax.2-Si.
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nax.1. Sedgenili kveTis rkinabetonis koWi
Tavdapirvelad gadawyvetili gvqonda koWi dagvertvirTa Tavisive

identuri koWiT (nax.3). aseTnairad datvirTuli koWis saangariSo sqema
mocemulia nax 4-ze. eqsperimenti daviwyeT 2016 wlis maisSi. mTeli
zafxulis ganmavlobaSi datvirTul koWze dakvirvebam aranairi Sedegi ar
mogvca.

nax.2. rkinabetonis Sedgenili kveTis koWi
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nax.3. datvirTuli koWi

nax.4. koWis saangariSo sqema
gadavwyviteT Segvecvala datvirTvis forma. winaswar gamoviangariSeT

amtipis or sayrdenze Tavisuflad mdebare koWi, gamovTvaleT kritikuli
Zala, romelmac koWis rRveva unda gamoiwvios. am Zalis mniSvnelobam 6,4 tZ
Seadgina (nax.5,6).

nax.5. kritikuli ZaliT datvirTuli koWis saangariSo sqema



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

139

nax.6. dautvirTavi koWi
Cveni eqsperimentis saboloo mizania, davadginoT xangrZlivi

deformaciis ganviTarebis Sedegad aRZruli Zalvebis sididis dadgena, aseve
maTi gavlena konstruqciis mzidunarianobaze. Teoriulad gamoTvlili gvaqvs
am tipis konstruqciaSi aRZruli mRunavi momentis da Zabvebis mniSvnelobebi
daZvelebis Teoriis da daZvelebis modificirebuli Teoriebis safuZvelze.
eqsperimentma unda gviCvenos, romeli TeoriiT gamoTvlili mniSvnelobaa
realurTan ufro axlos. amas sWirdeba dro, da swored amitom davamzadeT
identuri koWi, romelsac davtovebT datvirTvis qveS da davakvirdebiT. am
etapze ki eqsperimentiT unda davadginoT swrafad ganviTarebuli Zalvebi da
deformaciebi. datvirTvis ra mniSvnelobisTvis Cndebian pirveli bzarebi,
romlebic zedapirze jer kidev ar Canan da ra datvirTvas gauZlebs
sabolood koWi, ramdenad daemTxveva es Sedegi Teoriulad gamoTvlil
mniSvnelobas.

3. daskvna
or sayrdenze Tavisuflad mdebare koWis Teoriulma gaangariSebam

gviCvena, rom kritikuli Zalis mniSvneloba, romlis Semdegac koWi
eqspluataciisTvis uvargisi xdeba, tolia 6,4 tZ-is, anu 64 kn-is.
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sabWoTa periodis msxvili sacxovrebeli masivebis
rekonsrtuqciis ucxouri gamocdileba

T. maxaraSvili, g. xoferia
( saqarTvelos teqnikuri universiteti, m. kostavas q. 77, 0175,

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia meoce saukunis 50-70-ian wlebSi sabWoTa
kavSirsa da mis mezobel qveynebSi  saxovrebeli masivebis aSenebis
Sedegad gamowveuli rTuli problemebis arqiteqturul-gegmarebiTi
reabilitaciis saintereso magaliTebi.

am gamocdilebis gaTvaliswinebiT SesaZloa SemuSavdes meTodi
saqarTveloSi arsebuli msgavsi masivebis rekonstruqcia-
reabilitaciisaTvis.
sakvanZo sityvebi: arqiteqturul-gegmarebiTi gadawyveta;  karkasul-
panelovani sacxovrebeli masivebi;  arqiteqturuli rekonstruqciis
proeqti; sacxovrebeli korpusebis eqsplualaciis vadis amowurva;
Tanamedrove  moTxovnebi;  Senoba nagebobebis modernizacia;
sarekreacio zona.

1. Sesavali
meore msoflio omis Semdgom periodSi, 40-50 iani wlebis mijnaze,

sabWoTa kavSirSi da evropis socialistur qveynebSi daiwyo mTeli rigi
sacxovrebeli masivebis intensiuri mSeneblobebi, dagegmarebuli ZiriTadad
xuTsarTuliani karkasul-panelovani korpusebiT, romlebic moklebulni
iyvnen mxatvrul-arqiteqturul Rirebulebebs. SenobaTa eqspluataciis vada
gaTvlili iyo 25-40 welze, aqedan gamomdinare es nagebobebi dReisaTvis
arian nawilobriv an mTlianad amortizebulni.

zemoaRniSnuli faqtorebi ganapirobeben maTi rekonstruqciis an
srulad ganaxlebis aucileblobas. postsabWoTa sivrceSi, maT Soris
TbilisSic, mTeli rigi msxvili sacxovrebeli masivebi savalalo
mdgomareobaSia, samwuxarod maTi reabilitacia-rekonstruqciis
mimarTulebiT nabijebi jer ar gadadgmula.

am problemebis mogvarebis  magaliTebi mravlad arseboben, isini
SegviZlia moviZioT, rogorc mTel postsabWoTa sivrceSi, aseve yofil
evropul socialistur qveynebSic.

2. ZiriTadi nawili
pirveli   karkasul-panelovani eqsperimentaluri proeqti damuSavda da

realizda 1948 wels moskovSi sokolnikis mTaze da xoroSevskis Soseze,
(avtori arqiteqtori v. p. laguternko). es iyo oTxsarTuliani liTonis
karkasiani Senoba, mogvianebiT, didi xarjis gamo, liTonis karkasi Seicvala
anakrebi rkinabetoniT.

50-ian wlebis meore naxevarSi (xruSCovis mmarTvelobis periodi), sabWoTa
kavSirsa da mis mezobel socialistur qveynebSi, daiwyo mTeli rigi
sacxovrebeli masivebis mSeneblobebi, sadac uari iTqva ZviradRirebul
arqiteqturul elementebze. fasadebi gaxda mxatvrul-arqiteqturuli
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TvalsazrisiT mSrali da uintereso, sacxovrebeli saTavsebis farTebi
Semcirda minimumamde, Weri dadablda 2,5 metramde, sadarbazoebi- mcire
gabaritiani, sarTulianoba meryeobda 4 dan 5 mde, vinaidan im droindeli
standartebiT xuTi sarTulis CaTvliT korpusebi ar saWiroebdnen liftiT da
sanagve komunikaciiT aRWurvas. unda aRiniSnos, rom mogvianebiT 1964 wlidan
(breJnevis mmarTvelobis periodis sawyisi etapi) igive gegmarebis tipiuri
proeqtebi  gadakeTda 8-9 sarTulianebad da Sesabamisad daemata liftebi da
sanagve bunkerebi, odnav 5-10 santimetriT amaRlda Weri. am nagebobebis did
naklad iyo miCneuli cudi Tbo da hidroizilacia, rac gamowveuli iyo saSeni
masalis ekonomiiT. amasTan, im periodSi, am masivebis dagegmarebisas,  didi
yuradReba eqceoda saproeqto qalaqgegmarebiTi normebis dacvas, rac
dRevandeli gadasaxedidan dadebiTad unda Sefasdes.

80-iani wlebis miwuruls, sabWoTa imperiis rRvevis, germaniis gaerTianebis
da socialisturi banakis daSlis Sedegad  msoflioSi gaCnda mravali axali
suverenuli saxelmwifo.

swored am periodSi, kerZod gaerTianebul germaniaSi, mwvaved dadga
zemoaRniSnuli 50-70 wlebSi aSenebuli masivebis problemis gadawyvetis
aucilebloba.  upirvelesi mizezebi iyo eqspluataciis vadis amowurva,
uferuli arqiteqturul-mxatvruli iersaxe da arasakmarisi komforti.

germaniis demokratiul respublikaSi socialisturi mmarTvelobis dros,
intensiurad da didi masStabebiT mimdinareobda aseTi tipis dasaxlebuli
raionebis mSenebloba, Sedegad Seiqmna Zalian bevri msxvili sacxovrebeli
masivi, romlebic auferulebdnen da arRvevdnen qalaqis saerTo iersaxes.

germaniis gaerTianebis Semdeg am problemis mosagvareblad bevri samuSao
Catarda im mimarTulebiT, rom Secvliliyo sacxovrebeli masivebis
struqtura,  kerZod moxda maTi diferenciacia iersaxis, vargisianobis da
komfortis mixedviT, ris Sedegad gamoikveTa sarekonstruqciod vargisi da
uvargisi nagebobebi. am da sxva mniSvnelovani winasaproeqto kvlevebis Sedegad
daiwyo qalaqebis masivebis Zireuli rekonstruqciis saproeqto samuSaoebis
Sesruleba. aqedan gamomdinare SemuSavda yoveli masivisTvis konkretuli
arqiteqturul-qalaqgegmarebiTi gadawyveta, romelic iTvaliswinebda
konceptualur mravalferovnebas Tanamedrove standartebis gaTvaliswinebiT,
kerZod: Senobebis modernizacia-SekeTebas, binebis gegmarebis da farTis
gaumjobesebas, komfortis amaRlebas, korpusebis sivrcul-kompoziciur
gadawyvetis cvlilebebs.

saintereso eqsperimentuli proeqti ganxorcielda q. laipcigSi. aq
avariuli da moralurad moZvelebuli korpusebi  demontirebuli iqna, ramac
gamoiwvia didi Tavisufali  e.w. „Sualeduri sargeblobis farTis“ Seqmna,
romelic droebiT daitvirTa gamwvanebuli zonebiT (baRebi, parkebi, saTamaSo
moednebi). Zveli nagebobebisgan ganTavisuflebuli teritoria axleburad
dagegmarebis saSualebas iZleoda, axali dagegmareba ganxorcielda
Tanamedrove moTxovnebis Sesabamisad, daproeqtda da aSenda SedarebiT
dabalsarTuliani ganaSenianeba, gaizarda sacxovrebeli farTebi, moewyo
avtosadgomebi da sarekreacio zonebi.

2001 wlis oqtomberSi germaniis sabinao saqmis federalurma saministrom
gamoacxada konkursi “stadtumbau ost”. konkursis mizani iyo, xeli Seewyo
qalaqebis Zveli sacxovrebeli masivebis gardaqmnisaTvis saWiro novatoruli
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ideebis ganxorcielebisaTvis. federaciam SearCia 259 qalaqi da aRmosavleT
berlinis 10 kvartali. konkursi dasrulda 2002  wlis seqtemberSi 34 qalaqis
gardaqmnis koncepciaze premiis gacemiT. SemuSavebul iqna garkveuli
standartebi, ris mixedviTac  TiToeuli proeqti moicavda koncepcias mTeli
qalaqis ganviTarebisaTvis, romelic Sedgeboda qalaqis arsebuli
mdgomareobis gegmisa da saproeqto gegmisagan, aseve koncepcias konkretulad
qalaqis erTi an ori ubnisaTvis.

koncepciis SefasebisaTvis Semdegi Temebi iyo prioritetuli:
- qalaqis gardaqmnis nimuSebi;
- qalaqis gardaqmnis strategiebi Zveli ubnisaTvis;
- qalaqis ganviTarebis strategiebi axali ubnebisaTvis;
- teqnikuri da satransporto infrastruqturis ganviTareba;
- qalaqebisa da regionebis mmarTvelobis kooperacia;
- samSeneblo kulturis aspeqtebis warmoCena qalaqis gardaqmnis  farglebSi.

saintereso saqalaqmSeneblo samuSaoebi Catarda q. lainefildeSi, es iyo
patara sofeli, romelic gdr-is periodSi industriul qalaqad gardaiqmna.
germaniis gaerTianebis Semdeg, qarxnebis didi nawili gauqmda, gaizarda
umuSevarTa ricxvi, ramac gamoiwvia mosaxleobis migracia  da sacxovrebeli
masivebis, (romlebic aSenda 1960-80 ww),  dacarieleba. am procesis
SesaCereblad saWiro gaxda axali samuSao adgilebis Seqmna  da sacxovrebeli
ganaSenianebis xarisxis amaRleba. (rasac xels uwyobda Semdegi programebi
“stadtumbau ost”, „socialuri qalaqi - qalaqis ubnebi ganaxlebis gansakuTrebuli
saWiroebiT“ da „axladaSenebuli msxvili sacxovrebeli masivebis
saqalaqmSeneblo masivebis programa“). Seiqmna axali socialuri
infarstruqtura, gakeTda erTgvari gza-RerZi, romelic akavSirebs ukve
modernizebul  ubans qalaqis ukidures samxreT nawilTan. sarekonstruqcio
zonaSi aiRes Senobebi da maT adgilze ufro dabalsarTuliani Tanamedrove
Senobebi aaSenes, korpusebis did nawils Cautarda sarekonstruqcio
samuSaoebi, didi yuradReba mieqca struqturuled maRali xarisxis
moculobiT gadawyvetas. qalaqis gardaqmnis Sedegad gaCnda sakmaod didi
Tavisufali teritoria, rac gamoyenebuli sarekreacio zonis Sesaqmnelad.

programa “stadtumbau ost” efeqturad ganxorcielda agreTve q. egezinSi,
romelic mdebareobs Crdilo-aRmosavleT germaniaSi. 1930-ian wlebSi aq
mdebareobda patara daba 3000 mosaxliT. 1950-ian wlebSi aq aigo yazarmebi da
sagarnizono qalaqad gardaiqmna, 1970-ianebSi ki aSenda msxvilpanelovani
korpusebi. germaniis gaerTianebis Semdeg miRebul iqna dadgenileba
sacxovrebeli korpusebis  safuZvliani gaumjobesebis Sesaxeb. Tavidan
mxolod pirveli sarTulebi gadagegmarda, xolo Semdgom, gadakeTda yvela
bina. Seicvala korpusebis fasadebi. am samuSaoebis Sedegad, qalaqma sruliad
axali saxe SeiZina. Semdgom etapze moxda nagebobebis nawilobrivi daSla da
rekonstruqcia, bevr adgilas ganxorcielda maTi sruli demontaJi,
dagegmarda axali, Tanamedrove tipis nagebobebi. q. egizinis gardaqmna amiT ar
amoiwureba, amJamad moqmedebs qalaqis perspeqtiuli ganviTarebis gegma 2020
wlamde.

oderis Svedti aris tipiuri aRmosavleT germanuli qalaqi, sadac
socializmis periodSi aSenda, blokur-panelovani korpusebiani masivebi,
romlis Seqmnac dakavSirebulia calkeul industriul sawarmoebTan da
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qaRaldis fabrikasTan. 1998 wels SemuSavda proeqti, romelic iTvaliswinebda
3000 binis dangrevas, magram aRmoCnda, rom binebis dacarieleba mosalodnelze
swrafi tempiT moxda, amitom  SemuSavda korpusebis nawilobrivi daSlis da
qalaqis centris da Zveli ubnebis gaumjobesebis proeqti.

amave qalaqis sacxovrebel raion kiulcSi, romelic ganaSenianebuli iyo
xuTsarTuliani panelovani saxlebiT, patara sabinao farTebiT,  ufanjro
samzareuloTi da a.S. daisva sakiTxi binebis gaumjobesebis Taobaze. Seiqmna
samSeneblo sazogadoeba, romelic miznad isaxavda sabinao farTis gazrdis
mizniT axal miSeneba-daSenebas, binis dagegmarebis cvlilebas, liftebis
dayenebas, aivnis gafarToebas da fasadis iersaxis gaumjobesebas.

germaniaSi Catarebuli sacxovrebeli masivbebis gardaqmnis magaliTebis
garda, SesaZlebelia postsabWouri qveynebis gamocdilebis gaziarebac. 1950-70
wlebis sacxovrebeli masivebi mravlad Seiqmna sabWoTa kavSirSi, maT Soris
erT-erTi pirveli iyo moskovis samxreT-dasavleTiT mdebare raioni
„CeriomuSki“, romlis ZiriTadi nawili ganTavsebuli iyo profkavSirelTa
quCis gaswvriv, aq pirvelad gamoyenebuli iqna xuTsarTuliani panelovani
saxlebi „xruSCovka“, Semdgom rva-cxrasarTulianebi „breJnevka“.  1990-ian
wlebSi raionis bevrma korpusma Tavisi eqspluataciis vada amowura,
Catarebulma kvlevebma cxadyves, rom pirvel nakadSi aSenebuli korpusebi
„xruSCovkebi“ TiTqmis amortizebuli iyo, ris gamoc miRebul iqna
dadgenileba maTi demontaJis Sesaxeb. unda aRiniSnos, rom im periodSi,
rodesac es raioni aSenda, „CeriomuSki“ gaxldaT moskovis gareubani (amave
saxelwodebis patara sofeli), qalaqis swrafi zrdis Sedegad, 50 wlis Semdeg,
es masivi mis centralur nawilSi aRmoCnda. Sesabamisad dRes is, Tavisi
mdebareobiT, warmoadgens prestiJul ubans, aqedan gamomdinare investorebi
dainteresdnen am teritoriis SesyidviT da iq axali  maRalxarisxovani
sacxovrebeli raionis SeqmniT, romelic ukve ganxorcielda.

1990-2000 wlebSi q. yazanSi SemuSavda arqiteqturuli rekonstruqciis
proeqti, romelic iTvaliswinebda „xruSCovkis“ tipis korpusebze (kerZod
xuTsarTulianebze) meeqvse sacxovrebeli sarTulis daSenebas da miRebul
sivrceSi axali binebis ganTavsebas, arsebuli Zveli fasadebis gaumjobesebas,
ezoebSi avtosadgomebis Seqmnas da sarekreacio zonis mowyobas. amgvarad
modernizebuli iqna ori saxli korolenkos quCasa da ibrahimovis prospeqtze.
samwuxarod mobinadreTa korpusidan droebiT gayvanais problemebis gamo,
proeqtis Semdgomi ganxorcieleba veRar moxerxda.

2007 wels q. ufaSi  oqtombris prospeqtze ganxorcielda korpusebze
orsarTuliani daSeneba, sadac ganaTavses 16 ordoniani (dupleqsi)  or da
samoTaxiani sacxovrebeli binebi. samuSaos Semsrulebeli iyo Cexuri
samSeneblo firma „brno“, romelsac am tipis daSenebaTa Sesrulebis  didi
gamocdileba hqonda. Catarebulma samuSaoebma cxadhyves proeqtis
ararentabeluroba da amitomac proeqtiT gaTvaliswinebuli Semdegi 5
korpusis rekonstruqcia aRar Semdgara.

msgavsi eqsperimentebi yofili sabWoTa kavSiris kidev araerT qalaqSi
Catarda (sankt-peterburgi, Celiabinski, magnitogorski da a.S.) germaniis
magaliTebisgan ganxvavebiT Sedegebi yvelgan araerTgvarovani da naklebad
efeqtuli aRmoCnda.
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3. daskvna
amrigad, sabWoTa periodis msxvili sacxovrebeli masivebis

rekonsrtuqciis ucxouri gamocdileba karg magaliTs warmoadgens
imisaTvis, rom gaviTvaliswinoT yvela es meTodebi saqarTveloSi arsebuli
am tipis masivebis rekonstruqcia-reabilitaciis arqiteqturul-gegmarebiTi
gadawyvetisaTvis, yvela im socialuri da ekonomikuri pirobebis
gaTvaliswinebiT,  rac damaxasiaTebelia Cveni qveynisTvis, aRsaniSnavia, rom
masivebis rekonstruqcia did socialur ekonomikur problemebTnaa
dakavSirebuli, magram am problemis konceptualur da arqiteqturul-
gegmarebiTi gaazreba Zalze aqtualuri da mniSvnelovania.

liteartura

T. maxaraSvili   g. maxaraSvili - Tbilisis postsabWoTa periodis
urbanuli da sacxovrebeli ganaSenianebis ganviTarebis winamZRvrebi. stu-s
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2. Бахмутов Ю.И. Реконструкция жилых домов первых массовых серий. Нетрадиционный
подход // Строительство и архитектура. 1986. - № 4. стр-88
3. Схема размещения 5-этажных домов первого периода индустриального домостроения по
сериям проектов, год 1997; НИиПИ Генплан г. Москвы; мастерская 15. стр-37
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orTocentruli  samkuTxedis perimetri

m. begiaSvili, n. mumlaZe, T. SubiTiZe
(saqarTvelos teqnikuri universiteti, m. kostavas # 77,0175,

Tbilisi, saqarTvelo)
reziume: statiaSi ganxilulia orTocentruli samkuTxedis Tviseba:
maxvilkuTxa ABC samkuTxedSi Caxazuli orTocentruli samkuTxedis
perimetri aris yvelaze mcire masSi Caxazuli nebismieri samkuTxedis
perimetrTan SedarebiT. naSromSi warmodgenilia aRniSnuli Tvisebis
grafikuli interpretacia geometriuli gardaqmnis (simetriis)
gamoyenebiT. ABC samkuTxedis da masSi Caxazuli orTocentruli
samkuTxedis, aseve igive maxvilkuTxa samkuTxedSi Caxazuli nebismieri
samkuTxedis RerZuli simetriiT gardaqmna am Tvisebas adasturebs
geometriuli formulirebis gareSe. orTocentruli samkuTxedis
perimetrTan dakavSirebuli sakiTxi geometriaSi ganixileba arsebuli
Teoremis damtkicebiT.
sakvanZo sityvebi: orTocentruli samkuTxedi, perimetri, geometriuli
gardaqmna, sarkuli simetria, brtyeli paraleluri gadaadgileba,
kongruentuli samkuTxedebi.

1. SesavaliABC maxvilkuTxa  samkuTxedis orTocentruli samkuTxedi miiReba Tu A,B, C wveroebidan  gaivleba wrfeebi mopirdapire gverdebis marTobulad.
marTobebis gverdebTan gadakveTis wertilebis SeerTebiT ganisazRvreba
orTocentruli samkuTxedi ΔDEF (sur.1). ΔABC-Si Caixazeba aseve nebismieri
ΔKLM  (sur.2). ΔKLM gamosaxulia wyvetili xaziT.

sur. 1 sur. 2

2. ZiriTadi nawili
ΔABC-s masSi Caxazuli ΔDEF da ΔKLM-Tan erTad gardavqmnaT RerZuli

simetriiT. simetriis RerZebi ΔABC-s gverdebze gavlebuli α, b, c, d, ,
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wrfeebia (sur.3). geometriuli gardaqmna Sesruldeba simetriis
RerZebis mimarT, aRniSnuli TanamimdevrobiT: [BC]-ze gaivleba α RerZi, α
RerZis mimarT ΔABC, ΔDEF da ΔKLM-is simetriuli samkuTxedebia.
Δ A1BC, Δ D1E1F da Δ K1L1M. [A1C]-ze gaivleba b RerZi, b RerZis  mimarT
Δ A1BC, Δ D1E1F da Δ K1L1M -is simetriuli samkuTxedebia: ΔA1B1C, ΔD1E2F1 da
Δ K2L1M1. [A1B1] –ze gaivleba c RerZi. c RerZis mimarT ΔA1B1C, ΔD1E2F1 da
Δ K2L1M1-is simetriuli samkuTxedebia: ΔA1B1C1 , ΔD2E2F2 da ΔK2L2M2 [B1C1] –ze
gaivleba d RerZi, d RerZis  mimarT ΔA1B1C1, Δ D2E2F2 da ΔK2L2M2 -is
simetriuli samkuTxedebia: ΔA2B1C1, ΔD3E3F2 da ΔK3L3M2. [A2C1]-ze gaivleba

RerZi, RerZis  mimarT ΔA2B1C1, ΔD3E3F2 da ΔK3L3M2-is simetriuli
samkuTxedebia: ΔA2B2C1, ΔD3E4F3 da ΔK4L3M3. [A2B2] –ze gaivleba RerZi.
RerZis  mimarT ΔA2B2C1, ΔD3E4F3 ΔK4L3M3 -is simetriuli samkuTxedebia: ΔA2B2C2

ΔD4E4F4 da ΔK4L4M4.

.

ΔABC-s RerZuli simetriiT miiReba eqvsi kongruentuli samkuTxedis
kompozicia,  sadac  sawyisi  samkuTxedi aris ΔABC, saboloo ki ΔA2B2C2.

Sesabamisad Δ ABC-Si Caxazuli ΔDEF da ΔKLM eqnebaT eqvsi kongruentuli
samkuTxedi. ΔA2B2C2 SeiZleba  ganvixiloT,   rogorc Δ ABC-s paraleluri
gadaadgilebis Sedegad miRebuli samkuTxedi. gardaqmnis Sedegad
orTocentruli Δ DEF-s gverdebi  ganlagdeba  erT [FF4] monakveTze. [FF4]
monakveTi Sedgeba ori [EF]-is toli monakveTisgan, ori [FD]-is toli da
ori [DE]-is toli monakveTebisagan. e. i. [FF4] monakveTi tolia ΔDEF-is
gaormagebuli perimetris. ΔKLM-is gardaqmnis Sedegad miiReba M da M4

wertilebis SemaerTebeli texili, romelic metia [FF4] monakveTze. [FF4]-is
toli da paraleluria [MM4]. ([FF4], [MM4], [MF] da [M4F4] monakveTebiT iqmneba
paralelogrami). warmodgenili grafikuli gamosaxuleba geometriuli
formulebis gareSe TvalsaCinod gviCvenebs, rom orTocentruli ΔDEF-is
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perimetri aris mcire ΔKLM-is perimetrze. es Tviseba vrceldeba
maxvilkuTxa samkuTxedSi Caxazul nebismier samkuTxedze.

3. daskvna

maxvilkuTxa samkuTxedSi Caxazuli orTocentruli samkuTxedis
perimetris Tviseba cnobili geometriuli kanonzomierebiT mtkicdeba.
warmodgenili grafikuli meTodiT Tvisebis damtkiceba aris TvalsaCino
magaliTi imis, Tu gardaqmnis Sedegad rogor inarCunebs figura
geometriul Tvisebebs da martivad gansazRvravs orTocentruli
samkuTxedis perimetrs.
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Tbilisis saparko rekreaciuli landSaftebis formireba XIX-
XX saukuneebSi (sabWoTa da postsabWoTa periodi)

T. maxaraSvili g. xelaZe
(saqarTvelos teqnikuri universiteti, m. kostavas 68, Tbilisi,

saqarTvelo)
reziume: statia moicavs rogorc Tbilisis sabaRe-saparko kulturis

ganviTarebis retrospeqtivas XIX-XX saukuneebSi, aseve maT
diferenciacias da problemebs, romlebic warmoiSva am wlebis
ganmavlobaSi. naSromSi ganxilulia rogorc sabWoTa, aseve
postsabWoTa periodebi da Tbilisis sarekreacio teritoriebis
formirebis retrospeqtiuli analizi.

sakvanZo sityvebi: landSaftis arqiteqtura, Tbilisis sabaRe-saparko
kultura, rekreaciuli zonebi, lokaluri sivrceebi.

1. Sesavali
miuxedavad imisa, rom Tbilisis sabaRe-saparko Tanamedrove

ganviTareba arc ise mraval wels iTvlis, misi istoria sakmaod masStaburi
da dinamiuria. Tbilisis urbanul nawilSi rekreaciuli teritoriebis
problemebi dRiTidRe ufro da ufro aqtualuri xdeba, Tumca imisaTvis,
rom gavaanalizoT arsebuli situacia, saWiroa, ganvixiloT misi istoria
da is gansxvavebuli etapebi, romlebic qalaqma gaiara am wlebis
ganmavlobaSi, ramac Taviseburi kvali datova Tbilisis landSafturi
arqiteqturis ganviTarebaSi.

2. ZiriTadi nawili
XIX saukunis pirveli naxevris Tbilisis gegmarebidan naTlad Cans, Tu

rogor viTardeba qalaqis gamwvaneba. 1828 wlis Tbilisis saerTo gegmaze Cans,
qalaqis yvelaze mWidrod dasaxlebul nawilTan mdebare, sololakis,
seidabadis da axlandeli botanikuri baRis Zveli masivebi. SedarebiT ufro
mcire teritoriis baRebs uSualod qalaqis teritoriazec vxvdebiT.

q. Tbilisis ganaSenianebis gafarToebasTan dakavSirebiT intensiurad
iCexeboda Zveli, mwvane masivebi da maT adgils ikavebda qalaqis axali
sacxovrebeli kvartlebi da samrewvelo raionebi. am mizniT XIX saukunis 40-
60-ian wlebSi  Zveli baRebis umetesoba ukve gayiduli da gaCexili iyo.

XIX saukunis meore naxevarSi, kapitalisturi epoqisTvis damaxasiaTebeli
qalaqis intensiuri zrdis pirobebSi, bevri ram Seicvala. zogierTi dadebiTi
qalaqTmSeneblobiTi gaazreba daikarga, magram zogi dResac  qalaqis Rirsebas
warmoadgens. uaryofiTad SeiZleba CaiTvalos is, rom am periodSi
mniSvnelovnad gaizarda ganaSenianebis simWidrove. Senobebi quCis gaswvriv
perimetralurad, erTmaneTis momijnavedaa ganlagebuli; Tumca arqiteqtorebis
mier e.w. kurdoneruli gadawyvetis xerxis gamoyenebiT - wiTeli xazebi da
Senobis SigniT Sewevisa da win patara gamwvanebuli ezoebis SeqmniT, zogierTi
quCis ganaSenianebis Caketili ieri am garRvevebiT Serbilebul da
gamdidrebul iqna.

ganaSenianebis simWidrovis zrdis miuxedavad, proeqtiT gaTvaliswinebul
kvartalSi gamwvanebuli zonis Seqmnis progresuli principi nawilobriv mainc
xorcieldeboda.
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1833-35 wlebSi Sedgenili Tbilisis gegmis analiziT Cans, rom qalaqis
axali raionebis gegmiuri ganaSenianeba daiwyo. marTalia, Tbilisis
qalaqTmSeneblobaSi SemoiWra am droisTvis ucxo, quCebis qselis
regularuli sistema, magram is gaazrebulad, sxvadasxva mniSvnelovan
faqtorebTan dakavSirebiT  iqna gamoyenebuli.

XIX saukunis pirvel naxevarSi, TbilisSi daiwyes sazogadoebrivi
daniSnulebis baRebis mowyobac. pirveli evropuli tipis  baRi, romelic
sazogadoebrivi daniSnulebis iyo, gaSenda jer kidev me-19 saukunis 20-ian
wlebSi, sololakis Zveli masivis erTi nawilis bazaze. axali baRebis
mSenebloba mimdinareobda mtkvris marcxena sanapirozec, kerZod,
saqarTveloSi SiitTa samRvdeloebis mTavarma muStaidma, udrood
gardacvlili qarTveli meuRlis pativsacemad, mdinaris piras safuZveli
Cauyara baRs, romelic muStaidis saxelwodebiT iyo cnobili, baRi irwyveboda
mtkvridan gamoyvanili e.w. “germanuli arxis” saSualebiT. Semdgom misi didi
nawili saqalaqo mniSvnelobis saseirno baRi gaxda. 1896 wlisTvis baRis
teritoriaze arsebobda sxvadasxva daniSnulebis gasarTobi obieqtebi. baRis
gagrZelebaze, mtkvris marcxena sanapiroze, gaSlili iyo koloniebi mravali
bostniTa da xexilis baRebiT. Tavisi dagegmarebiT da mcenareuli
kompoziciiT muStaidis baRi gamoirCeoda TbilisSi im droisTvis arsebul
baRebs Soris.

im periodSi TbilisSi 12 moedani arsebobda. maTgan yvelaze mniSvnelovani
“erevnis moedani” iyo. mis SuagulSi didi zomis lamazi Sadrevani yofila
mowyobili. es Sadrevani 1851 wels auSenebiaT, xolo wyali masSi sololakis
wyaroebidan gamouyvaniaT. 1848 wlidan, axlandeli rusTavelis prospeqtis
gaswvriv, moxda nargavebis rigobrivi ganTavseba, es iyo quCis gamwvanebis
pirveli cda TbilisSi, xolo momdevno wlidan daiwyes qalaqis quCebis
masiurad gamwvaneba da sxvadasxva ubnebSi skverebis mSenebloba. yofili
“erevnis moednis” mosazRvred iq, sadac adre didi bazris naSTi arsebobda,
1885 wels moawyves mcire baRi, romelic im dros “axal baRad” iwodeboda.

ufro mogvianebiT, Tbilisis SemorCenil sagareubno zonebSi, Cndeba
masobrivi dasvenebisa da garTobis baRebi, kerZod, orTaWalaSi arsebobda
baRebi: “fantazia”, “eldorado”; xolo saburTaloze - “san-suni”, “samSoblo”,
“Santekleri”, “axali sxivi” da sxv.. 1891 wlidan daiwyo qalaqis ferdobebis
gatyianebis samuSaoebi, rac ganpirobebul iyo  niaRvrebTan brZolisa da
qalaqis klimaturi pirobebis gaumjobesebis aucileblobiT.  1899 wels eqim
nikoloz xudadovis iniciativiT yofili naZaladevis saxazino miwis
aRmosavleTiT, daiwyes tyis gaSeneba. dRes aq fTiziatriuli saavadmyofoa
ganTavsebuli.

mtkvris marcxena sanapiroze, garda muStaidis baRisa, gaSenebuli iyo
mravali mcire baRi. yofil mixailovis quCas amSvenebda piramiduli alvis
xeebis mwkrivebi, romlebic kargad erwymoda am quCaze ganlagebul  mZivebiviT
akinZuli baRebis xSir nargaobebs.

sabWoTa periodSi (1921-1991 ww)   SemuSavda qalaqis istoriaSi pirveli
generaluri gegma (1932-1934ww), romelic agrZelebda qalaqis xazovani
ganviTarebis tendenciebs.  qalaqi dagegmarda mdinare mtkvris gaswvriv ganivi
SesvlebiT xeobaSi, xelsayreli teritoriebis aTvisebiT da mdinareze
ormxrivi ganaSenianebis mZlavri kavSirebiT. gengegmaze moiniSna “Tbilisis
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zRva” ganviTarebuli rekreaciuli zoniT, daiwyo qalaqis teritoriis
gamwvanebisa da gawylovanebis didi samuSaoebi, mTawmindis kalTebze tye-
parkis mowyobis, mdinare veres marcxena napirze zooparkis mSeneblobis
samuSaoebi. qalaqis yvela raionSi unda gaSenebuliyo parkebi - maT Soris,
avlabarsa da orTaWalaSi, agreTve orbelianis kunZulze. mSenebare
sanapiroebs, xeivnebiTurT, am parkebis gamaerTianebeli rgolis funqcia unda
etvirTa. gaSenda komkavSiris xeivani (1935 w.), parki mTawmindis platoze (1938
w.) da sxv..

qalaqis gamwvanebas gansakuTrebuli adgili daeTmo meore generalur
gegmaSic, romelic 1954 wels damuSavda, romlis Sedegad qalaqTmSeneblobaSi
Catarda mniSvnelovani RonisZiebebi: Seiqmna marjaniSvilis saxelobis moedani
(me-20s-is 40-iani wlebis miwuruli); gayvanili iqna ganivi magistralebi -
varazisxevi, guramiSvilis quCa (me-20s-is 50-iani w.w.). me-20s-is 70-ian wlebSi
dasrulda mtkvris orive napiris gaswvriv magistraluri quCebis gayvana da
gamwvaneba. gaSenda gamarjvebis parki (amJamad vakis parki), daiwyo xelovnuri
wyalsacavis e.w. “Tbilisis zRvis” garSemo tye-parkis, dasvenebis zonis
mowyoba. mTlianad aTvisebuli iqna vakis, saburTalos da mcire diRmis
teritoriebi. daiwyo varkeTlis, gldanis, avSnianis, bagebisa da sxva
teritoriebis ganaSenianeba. Tbilisis teritoriis 10 000 heqtaridan gamwvanebas
daeTmo 650 heqtari. gaTvaliswinebuli iyo “mwvane solebis” meSveobiT
bunebrivi landSaftis Seyvana Tbilisis urbanul nawilebSi, amasTan “Zvel
ubnebSi” moxda dabalsarTuliani Senobebis aReba da istoriulad arsebuli
Sida kvartaluri parkebis dakavSireba prospeqtebTan.

1971 wels damtkicda q. Tbilisis mesame generaluri gegma (1980-2000
wlebisTvis), romelic, wina generaluri gegmebisgan gansxvavebiT,
iTvaliswinebda qalaqis teritoriul zrdas ara marto mdinaris sigrZiv,
aramed ganivadac. aseTi quCebis qselis Seqmna SesaZlebels xdida
mniSvnelovnad gaumjobesebuliyo qalaqis ganiaveba da satransporto
kavSirebi. am periodSi grZeldeboda saparko masivebis Seqmna.  aSenda iseTi
mniSvnelovani rekreaciuli zona rogoricaa “vakis parki”, rac am
teritoriisTvis saukeTeso sanitarul-higienuri pirobebis  Seqmnas uwyobda
xels. “Tbilisis zRvis” irgvliv Seiqmna dasasvenebeli zona, moewyo 850 ha-mde
farTobis parki; xolo Tbilisis irgvliv daigegma mwvane sartylis Seqmna,
rac SeiZleba miCneul iqnes gansakuTrebiT  mniSvnelovan RonisZiebad.

miuxedavad sabWoTa periodis Tbilisis gamwvanebisa da keTilmowyobis
mimarTulebiT garkveuli miRwevebisa, komunisturma sistemam Zalian bevri
landSaftur-gegmarebiTi gadawyvetebiT mZime Secdomebi dauSva Tbilisis
qalaqgegmarebiTi da landSaftur-rekreaciuli sakiTxebis realizaciisas.

pirvel rigSi unda aRiniSnos mdinare mtkvris, rogorc mTavari
qalaqmaformirebeli faqtoris, ugulvelyofa misi betonis jebirebSi
moqceviT da orive sanapiros satransporto komunikaciad gadaqceviT. mdinaris
sanapiroebi moqalaqeebis dasvenebisa da garTobis mTavari RerZi unda
gamxdariyo, aseTi tendenciebi jer kidev XIX saukunidan arsebobda
(orTaWalis baRebi, madaTovis kunZuli da a.S.).  mdinare mtkvari mowyda
qalaqis nawilebs, moqalaqeebs, rac didi Secdomaa da romlis gamosworebac
TiTqmis SeuZlebelia.
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daSvebuli iyo kidev erTi mZime Secdoma: qalaqis perspeqtiuli
ganviTarebisTvis Tbilisis dasavleTiT da aRmosavleTiT arsebuli sasoflo-
sameurneo teritoriebis (diRmis, gldanis, varkeTilis da a.S.) gamoyeneba. es
gamwvanebuli sasoflo-sameurneo savargulebi STanTqa uzarmazarma da
sruliad usaxo sacxovrebelma masivebma.

garda amisa, qalaqis quCebisa da moednebis gamwvaneba xdeboda ara
landSaftis dizainis principebisa da meTodebis gamoyenebiT, aramed quCebsa
da prospeqtebze xeebis mwkrivebad ganlagebiT. aseve dabali iyo baRebisa da
parkebis mxatvrul-kompoziciuri gadawyveta da mcire arqiteqturuli
formebis  xarisxi.

ar SeiZleba  ar aRiniSnos me-20 saukunis Tbilisis msxvili parkebisa da
rekreaciuli zonebis mniSvneloba saqalaqo-saparko landSafturi
arqiteqturis TvalsazrisiT, aqedan gamomdinare mokled mimovixilavT maTi
ganviTarebis retrospeqtivas.

mTawmindis parki funikulioris zeda sadguris RerZze 1930 wels gaSenda.
misi farTobi 100 heqtars aRemateba da Tbilisis yvelaze maRali parkia. parkis
mTavari RerZi 210 metri simaRlis satelevizio koSki-anZaa. parks TbilisSi
erT-erTi saukeTeso adgilmdebareoba aqvs mTawmindis parki, araCveulebrivi
geografiuli mdebareobiTa da saintereso infrastruqturiT, Tbilisis erT-
erTi yvelaze kolorituli nawilia.

postsabWoTa periodSi, 1991 wels saqarTvelos damoukideblobis miRebis
Semdeg, ruseTis uSualo waqezebiTa da monawileobiT qveyanaSi  samxedro
dapirispirebebi, mwvave politikuri krizisebi da Sedegad socialur-
ekonomikuri stagnacia daiwyo. aseT situaciaSi, rodesac ar arsebobda
srulyofili sakanonmdeblo normatiuli baza, qalaqis urbanul ganviTarebaSi
qaosuri situacia Seiqmna. developerebi cdilobdnen „prestiJul“ ubnebSi
mSeneblobebiT, rac SeiZleba meti mogeba mieRoT. Sedegad xSirad xdeboda
arsebuli rekreaciuli zonebis da baR-parkebis eqspansia. es procesi dResac
grZeldeba. gansakuTrebiT dazaralda vakis parkis, veris baRis, bavSvTa qalaq
mziuris da diRmis tye-parkis gamwvanebuli sivrceebi.

vakis parkis gaSeneba II msoflio omSi sabWoTa xalxis gamarjvebis
aRsaniSnavad 1945 wels dauwyiaT. parki gaSenda 226 heqtarze. vakis parkis
teritoriis xelyofa da farTobis Semcireba 2002-2007 wlebidan daiwyo. am
droisTvis igi Seadgenda 98.87%-s. momdevno wlebSi 2008-2009 mcirediT, Tumca
farTobis Semcireba mainc grZeldeboda da Seadgenda 96.55%-s, bolo 2011-2012
wlebis monacemebiT, farTobi sagrZnoblad Semcirda da Seadgenda 65.78%-s.

kirovis parki, igive veris baRi: dasasvenebeli baRi TbilisSi, veris
ubanSi, gaSenebulia mdinare mtkvris marjvena sanapiroze,  4 ha-ze. adre am
teritoriaze gaSenebuli baRebi lurji monastridan mdinare veres da mtkvris
SesarTavamde vrceldeboda.

veris parkis eqspansia SedarebiT gvian daiwyo, misi farTobi 2007-2008
wlebSi 93.01%-s Seadgenda, Tumca  procesi swrafi tempebiT gagrZelda da 2011
wlisTvis ukve 72.44%-mde Camovida.

unda aRiniSnos, rom qalaqis farglebSi faqtiurad ar arsebobs
gamwvanebuli teritoriebi da baR-parkebi, romelTac eqspansia ar Sexebodes,
gamonaklisi arc diRmis tye-parkia, analizis Sedegad dadginda, rom
aTwleulebis Semdeg tye-parkis mxolod fragmentebiRa arsebobs. es
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SesaniSnavi rekreaciul-ekologiuri zona bolo aTwleulebSi gaxda
menaSeneTa da kerZo pirebis yidva-gayidvis obieqti. 2007-2012 wlebSi moxerxda
saxelmwifos mier mTliani teritoriis (205 200 kv.m.) 38.4%-is anu 78 809 kv.m-is
dabruneba, magram zogadad tye-parkis teritoriis xelyofa ar SeCerebula.
Tumca mZime mdgomareobaa Seqmnili ukve gasxvisebul nawilze, sadac kerZo
pirebi cdiloben TavianT komerciul interesebze morgebuli amocanebis
ganxorcielebas.

dedaenis baRi - gaSenebulia mtkvris marjvena sanapiroze. dResdReisobiT,
iseve rogorc sxva danarCeni parkebis teritoria, dedaenis baRic
eqspansirebulia sxvadasxva daniSnulebis komerciuli obieqtebiT. garda amisa,
baRis garkveuli teritoria Seewira iusticiis saxlis parkingis mSeneblobas.

garda zemoT xsenebuli parkebisa, mZime mdgomareobaa Seqmnili sportis
sasaxlis mimdebare teritoriaze, sadac bolo aTwleulebSi moxda
gamwvanebuli teritoriebis ganaSenianeba qaoturi da usaxuri SenobebiT, gaqra
mwvane sivrceebi da dasaxlebis ekologiuri mdgomareoba mZimea. aseve
arasaxarbielo mdgomareobaa yofili ipodromis mimdebare teritoriazec,
sadac dRiTidRe izrdeba maRalsarTuliani korpusebis ricxvi, maT
mSeneblobas ki aTobiT mravalwlovani xe ewireba.

me-20 saukunis 90-iani wlebidan, saxelmwifo damoukideblobis aRdgenis
Semdeg, TbilisSi, isve rogorc mTels saqarTveloSi, daiwyo rTuli
socialur-ekonomikuri da politikuri procesebi, rac uaryofiTad aisaxa
Tbilisis arqiteqturul-landSaftur ganviTarebaze. droTa ganmavlobaSi
mimdinareobda tyeebis gaCexva, ukanono Tu kvazi kanonieri mSeneblobebi,
sawarmoo narCenebiT teritoriebis dabinZureba. dedaqalaqSi, bolo
aTwleulebis ganmavlobaSi ganviTarebulma qaosurma urbanizaciam, qalaquri
cxovrebis daCqarebulma tempma, gamoiwvia is uaryofiTi Sedegebi, rac ase
mZimed aisaxa Cveni saarsebo garemos degradaciaSi.

dResdReisobiT TbilisSi 255 skveri da 12 baRia.  garemosdacviTi da
arasamTavrobo organizaciebis informaciiT, saqarTvelo gamwvanebuli
adgilebis deficits ganicdis. 2002 wlis monacemebiT TbilisSi erT adamianze
5 kv.m. gamwvanebuli teritoria modioda, garemos damcvelebis infomraciiT es
monacemebi wlebis Semdgom kidev Semcirda da es xdeba maSin, roca evropis
qveynebSi gamwvanebis minimaluri zRvari aTeulobiT kvadratul metrs scdeba,
magaliTisTvis germaniis dedaqalaq berlinSi erT adamianze 80 kv.m-mde
gamwvanebuli teritoria modis.

proeqt „Tbilisis ekologiis’’ farglebSi, romelic 2011–2012 wlebSi
ganxorcielda, organizacia „usafrTxo sivrcem“    Tbilisis sarekreacio
zonebi da garemosdacviT da ekologiur sferoSi Tbilisis sakrebulosa da
meriis saqmianoba Seiswavla, aseve Catarda Tbilisis fitosanitaruli
monitoringi da  gamoavlina  faqtorebi, romelic   xels uwyobs mwvane
safaris Semcirebas,  esenia:

• Tbilisis  arcerT parks  ar gaaCnia damtkicebuli sazRvrebi
(wiTeli xazebi);

• sarekreacio  zonebis teritoriebi danawevrebulia nakveTebad;
• ar arsebobs parkebis administraciuli marTvis struqtura;
• merias ara aqvs damtkicebuli  normatiuli aqti (agro normebi),
romliTac isargeblebda samuSaoebis dagegmvis dros;
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• masiurad gavrcelebulia mcenareebis daavadebebi;
• moSlilia qalaqis sarwyavi sistema;
• xe -mcenareebi  iCexeba usistemod;
• Tbilisis  wyalsacavi da  napiri dabinZurebulia.

3. daskvna
Tbilisis sabaRe-saparko rekreaciuli landSaftebis formirebis,

retrospeqtuli analizis Sedegad, romelic moicavs periods wina
saukuneebidan dRemde, dadginda, rom XIX saukunis pirveli naxevridan daiwyo
qalaqis gamwvanebiTi samuSaoebi. Tumca  mogvianebiT, sololakis
regularulma ganaSenianebam gamoiwvia mwvane masivebis gaCexva; rac Seexeba
sabWoTa periods, miuxedavad Tbilisis gamwvanebisa da keTilmowyobis
mimarTulebiT garkveuli miRwevebisa, komunisturma  sistemam, Zalian bevri
mZime Secdomebi dauSva Tbilisis qalaqgegmarebiTi da landSaftur-
rekreaciuli sakiTxebis gadawyvetisas, postsabWoTa periodidan dRemde ki
grZeldeba Tbilisis mwvane sivrceebis qaoturi eqspansia da maTi Canacvleba
developerebis amocanebze morgebuli Senoba-nagebobebiT.
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Camdinare  wylebis  bunebrivi Warbteniani ekosistemebiT
gawmendis sazRvargareTuli gamocdilebis Sesaxeb

l. klimiaSvili, n. nebieriZe

(saqarTvelos teqnikuri universiteti, saqarTvelo, 0175, Tbilisi, m.kostavas
q.№77)

reziume: ganxilulia  dasaxebul adgilebSi sayofacxovrebo-sameurneo
fekaluri Camdinare  wylebis  bunebrivi Warbteniani ekosistemebiT
teqnologiuri gawmendis dadebiTi sazRvargareTuli gamocdileba.
aRniSnulia aseTi sistemebis gamoyenebis efeqturoba iq  sadac saTanado
tradiciuli gamwmendi saSualebebis mSeneblobis da eqspluataciis
Rirebuleba adgilobrivi biujetisaTvis miuwvdomelia.
sakvanZo sityvebi: dasaxlebuli adgilebi, sayofacxovrebo-sameurneo
fekaluri Camdinare wylebi, bunebrivi Warbteniani ekosistemebiT gawmenda,
sazRvargareTuli gamocdileba.

1.Sesavali

Tanamedrove mdgomareobiT dabinZurebisgan wylis obieqtebis dacvisa da
planetis wylis resursebis SenarCunebis problema nebismier qveyanaSi erT-
erTi mniSvnelovani sakiTxia. amasTan dakavSirebiT wylis bunebrivi
obieqtebis dacvis, momzadebisa da Camdinare wylebis gawmendis qmediTi
teqnologiebis SemuSavebas gansakuTrebuli mniSvneloba eniWeba, radgan wyali
adamianis arsebobisaTvis gankuTvnili sistemis erT-erTi yvelaze
mniSvnelovani komponentia. dReisaTvis qalaqebisa da samrewvelo sawarmoTa
wyalmomaragebisaTvis saWiro wylis daaxloebiT 80% aRebulia zedapiruli
wyalsatevebidan. amasTan wyalsatevebis wylis xarisxi xSir SemTxvevaSi isea
dabinZurebuli, rom maTgan mkvebavi   wyalsadenebis gamwmendi nagebobebi da
maTSi mimdinare teqnologiuri procesebi veRar uzrunvelyofen wylis
gawmendis saWiro xarisxs. arsebuli tradiciuli intensiuri sistemebis
gamoyeneba ki  dakavSirebulia energiis did xarjvasa da maRalkvalificiuri
muSaxelis gamoyenebasTan (Shrader Frechette, K. 1994).

zedapiruli wylis resursebis aradamakmayofilebeli mdgomareoba
zogadad gamowveulia maTSi dasaxlebuli adgilebis sameurneo-
sayofacxovrebo fekaluri wylebis arasakmari gawmendiT an kidev sruliad
gauwmendavi Camdinare wylebis CaSvebiT wyalsatevebSi. windebare naSromSi,
sazRvargareTis gamocdilebis mixedviT, ganxilul iqneba sakiTxi  Camdinare
wylebis bunebrivi gamwmendi Warbteniani ekosistemis gamoyenebis
SesaZleblobis Sesaxeb.

2. ZiriTadi nawili
saerTo mdgomareobiT cnobilia, rom, dReisaTvis: sayofacxovrebo,

sasoflo-sameurneo da sawarmoo Camdinare wylebis mTeli moculobis
daaxloebiT 30% wyalsatevebSi CaSvebamde ar iwmindeba da maT SemadgenlobaSi
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arsebuli  elementebi (ZiriTadad azotisa da fosforis naerTi)  Camdinare
wylebTan erTad wyalsatevSi  akumulirdeba.  aseT situacias, ganskuTrebiT
xSirad, adgili aqvs mcire dasaxlebul punqtebSi, sadac saTanado
tradiciuli gamwmendi saSualebebis mSeneblobis Rirebuleba adgilobrivi
biujetisaTvis miuwvdomelia. amave dros, jarimebi da gadasaxadebi aseTi
wylebis CaSvebis gamo mniSvnelovan Tanxas Seadgens (Cairns, J., Jr. 1996).

sayovelTaod cnobilia Camdinare wylebis gasawmendad efeqturi
bunebrivi gamwmendi saSualebebisa da qimiuri reagentebis gamoyenebis Sesaxeb.
amasTan dasabuTebulia maTi gamoyenebis upiratesoba da efeqturoba gamwmendi
sadgurebis mSeneblobasa da eqspluataciaSi (SedarebiT dabali
Rirebulebebis gamo), agreTve, umetes SemTxvevaSi, gawmendili wyali gamwmend
sadgurebSi SedarebiT maRali xarisxisaa vidre xelovnur nagebobebSi (gubura,
tbori da sx.). amasTan JangviTi procesebis intensivoba zamTaris periodSi,
klimatur pirobebTan dakavSirebiT, SedarebiT mcirdeba, rac dakavSirebulia
gasawmendad Semomavali  Camdinare wylebis dabal temperaturasTan.

amrigad, axali tipis gamwmendi nagebobebis  SemuSaveba, romlebic SeZleben
Semomavali Camdinare wylebis dabali temperaturis SemTxvevaSi (zamTarSi)
saimedo funqcionirebas da agreTve samSenebloblo Rirebuleba da
saeqsploatacio xarjebi tradiciulTan SedarebiT 10-20 jer dabali iqneba,
aqtualuri problemaa. Tanamedrove midgomebiT agreTve progresul da
perspeqtiuli mimarTulebaa wyalmcenareebis bunebrivi ekosistemis gamoyenebiT
Camdinare wylebis gawmenda. es meTodi sakmaod iafia, ar aris rTuli da
gamoirCeva garkveuli efeqturobiT (Robert L. Knight, 2004).

Waobian wyalsatevebSi fosfori  fosfatis saxiT Sedis  organul da
araorganul naerTSi. fosfori asrulebs ara mxolod struqturul, aramed
energetikul funqciasac. bunebriv wyalSi misi maRali an dabali  Semcveloba
iwvevs biotebisTvis arasasurvel Sedegs. wyalsatevSi fosforis (P) Setana
xdeba  sxvadasxva wyaros xarjze. es SeiZleba moxdes mdinaris wylis
Cadinebisas, eroziis dros niadagidan bunebrivi SetaniT, atmosferuli
naleqis Sedegad da sxv. garda am bunebrivi wyaroebisa arsebobs P-s
wyalsatevSi Setanis sxva wyaroc, rogoricaa P gamoyvana damuSavebuli
sasoflo-sameurneo miwebidan, samrewvelo da sayofacxovrebo
fosforSemcveli Camdinare wylebidan. fosfori Warbtenian adgilebSi,
romelsac uSualod wyalmcenareebi da makrofitebi iyeneben, Seadgens ZiriTad
damakavSirebel rgols organul da araorganul fosfors Soris ( Anderson. В.
С, 2004).

araorganuli fosforis jgufis SemadgenlobaSi Sedian xazovnad SekumSuli
da cikluri polifosfatebi. magaliTad, organuli fosfori Sedis:
fosfolipidebSi, nukleinis mJavasa da polifosfatebSi.
organuli P formebi SeiZleba Semdegnairad dajgufdes:
- advilad daSladi Р;
- nela daSladi organuli P.

fosforis cikli niadagSi mniSvnelovnad gansxvavdeba azotis ciklisgan.
ar arsebobs valentobis araviTari cvlileba araorganuli P bioturi
asimilaciis dros, an mikroorganizmebis mier organuli P daSlis dros.
niadagis, pirvel rigSi, xdeba valentobisas +5, radgan ufro dabali daJangva
Termodinamikurad meryevia.
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gansakuTrebiT rTul urTierTobebs aqvs adgili P cvlisas wylis masebsa
da grunts Soris. adgili aqvs P dagrovebas gruntSi mcenareTa da cxovelTa
naSTebis xarjze, aseve P adsorbcias daleqil seqtorze da qveda naleqebiT
STanTqmis xarjze. Tumca qveda naleqi warmoadgens P ZiriTad avtoqtonur
rezervs, wyalsacavSi P mimoqcevis dros P organuli naerTebi anaerobul
pirobebSi gruntidan TiTqmis ar erTvian, TavisTavad Zalian nela xdeba maTi
mineralizacia da araaqtiur mdgomareobaSi imyofebian. P naerTebis zusti
buneba arasakmarisad aris Seswavlili.

aseve cota ram aris cnobili P damarxvis vadebis Sesaxeb organizmebis
naSTis saxiT. araorganuli fosforisaTvis damaxasiaTebelia misi asociacia
rkinasTan, aluminTan, kalciumTan, ftoridebTan, aseve  adsorbcia anionebis
saxiT Tixasa da organul kompleqsebze. mJave naleqSi dominireben P
kompleqsebi rkinasa da aluminTan, tutesa da neitralurSi - kalciumis
fosfatTan, rac Seexeba fosforis sxva formebs, maTi transformacia
damokidebulia, pirvel rigSi, mikroorganizmebis sicocxlisunarianobaze,
aseve pH, temperaturasa da Jangva-aRdgeniT potencialze. qveda naleqidan P
gatanis siCqareze gavlenas axdens Jangbadis Semcveloba, pH, temperatura,
fosforis koncentracia wyalSi (Jacques Brisson, 2006).

makrofitebi P mimoqcevisas asruleben minimum sam funqcias: P wylidan
gamoyofen da agroveben mas Tavis  organoebSi, SeaqvT wyalSi fiziologiuri
mdgomareobis cvlilebisas, da, bolos, mimagrebuli mcenareebi asruleben
„satumbav“ funqcias-gadatumbaven P gruntidan miwiszeda organoebSi. umaRles
wyalmcenareTa sxvadasxva ekologiur tips Soris mxolod mimagrebul
mcenareTa saxeobebs SeuZlia P gadatumbva gruntidan wyalSi, misi fesvebiT
amoReba da foTlebiT da ylorTebiT gamoyofa sicocxlisunarianobis
procesSi (Lemons, J,1995).

msoflios mraval qveyanaSi Waobi ukve didi xania da didi warmatebiT
gamoiyeneba urbanuli dasaxlebuli adgilebis  Camdinare wylebis gasawmendad.
civi klimatis Warbteniani teritoriebis proeqtebi sirTuleebs awydebian. civ
periodSi, rogorc ki Warbtenian teritoriebze Cndeba yinulis fena, wylis
temperatura iwyebs mniSvnelovan gansxvavebas haeris temperaturisagan.
Camdinare wylebis temperatura 1 an 2 gradusamde daiwevs da daiwyeba yinulis
fenis sisqis ganxilva proeqtSi. yinulis fenis formireba Seamcirebs wylis
siRrmes. amitom, civ klimatian Warbtenian teritoriebze damatebiT qmnian
wyalzeviT kides, raTa  SeZlon mosalodneli yinulis fenis gamoyeneba.
amasTan energetikuli balansis gaangariSeba  ganisazRvreba yinulis fenis
formirebis xarisxiT. yinulis sisqe wlidan wlamde SeiZleba mniSvnelovnad
Seicvalos  Tovasa da temperaturasTan dakavSirebuli cvlilebebis gamo
(Robert H Kadles, 2008).

dadgenilia, rom floridis StatSi kviparosis WaobebSi gamavali
Camdinare wylebidan gamoaqvT azotis - 98% da fosforis - 90%. aseve,
indoeTis qalaq kalkutaSi saerTod ar arsebobs Camdinare wylebis gamwmendi
sadgurebi. samagierod iqidan yvela sayofacxovrebo Casadinari mimarTulia
modificirebul wyal-Warbteniani miwebis kompleqsisken, romlebic gamoiyeneba
Tevzis mosaSeneblad (romlis produqcia yovelwliurad Seadgens 2,4 tonas
heqtaridan), agreTve brinjis mindvrebis mosarwyavad.
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Camdinare wylebis gawmendis bunebrivi sistemis sasargeblod SeiZleba
aRiniSnos:
1) aRniSnuli meTodis gamoyeneba SeiZleba  rogorc calke saxlis, aseve
mTeli sawarmos Camdinare wylebis gasawmendaT;

2) aRniSnuli sistemis asaSeneblad da Semdgom  SesanarCuneblad umniSvnelo
xarjebia saWiro;

3) calke saxlis an kotejis Camdinare wylebis gasawmendad  iyeneben mcire
teritoriebs.

4) am sistemis daxmarebiT xdeba Jangbadis biologiuri moTxovnilebis (Jbm5)
da Sewonil nivTierebaTa Semcireba 90%-iT, saerTo azotisa da fosforis -
60-90 %-iT, E-coli da sxv. enterobaqteriebis  99.99%-iT;

5) aRniSnuli sistema Seiqmna, raTa mTeli wlis ganmavlobaSi imuSaos Ria cis
qveS kanadis civi klimatis pirobebSi (gaTbobis gayvanilobis gareSe),
gawmendis da  mwarmoeblobis moculobis Seumcireblad;

6) am meTodis gamoyenebiT SeiZleba gaiwmindos nebismieri Camdinare wylebi
mkvebavi nivTierebebis, organuli da Sewonili nivTierebebis maRali
SemcvelobiT (sayofacxovrebo Camdinare wylebi, celulozur-qaRaldis
fabrikis Camdinare wylebi, Casadinari oranJereidan da a.S.);

7) saWiroebis SemTxvevaSi aseTi gawmendis Semdeg gawmendili wylebis
gamoyeneba SeiZleba sasmel-sameurneo da sayofaxcovrebo wyalmomaragebisa
da sxv. miznebisaTvis.

aRniSnuli meTodi agreTve gamoyenebul iqna  mSeneblobis procesSi
Niagara-Under-Glass, Kitchenmaykoosib Inninuwug, TorontoWaldorf School. dasrulebulia
Kortright Centre, Metro Toronto Conservation Authority.

aRsaniSnavia, rom aSS soflis meurneobis saministros bunebrivi
resursebis dacvis samsaxurs ainteresebs aSenebuli Waobebis SesaZleblobebi
sasoflo-sameurneo Casadinarebis (arxebis) gasawmendad civ klimatur
pirobebSi.

amrigad, mTavari problema, romelsac waawydnen amerikeli mkvlevarebi,
aris: zafxulis pirobebSi tenianobis nakleboba, ramac gamoiwvia calkeuli
adgilis teritoriebis simSrale, xolo zamTris pirobebSi gamosaSvebi
xvrelebis moyinva da seqciebis zedapiris gayinva mcireTovliani zamTaris
pirobebSi (Cairns, J., Jr. 1996). qalaqSi sawvimar sadrenaJe arxebSi aris wyali,
romelic Seicavs bevr damabinZurebel nivTierebebs. maTi dagroveba xdeba
Tovlis dnobis da wvimebis Sedegad. aseT wyalSia navTobi, pesticidebi, mZime
liTonebi, baqteriebi, virusebi da a.S.

amasTan xelovnuri nagebobebis mSenebloba wylis obieqtebis maxloblad
(magaliTad, dambis), saWiroebs specialur nebarTvas. nagebobebis proeqtireba
unda moxdes ise, rom Seamciros wetland ganadgureba da  gaaumjobesos wylis
xarisxi. nebarTva nebismier saqmianobaze, romelsac SeuZlia gamoiwvios wylis
dabinZureba, gaicema garemos dacvis organizaciis mier. SemoTavazebuli
saqmianoba ar unda arRvevdes wylis xarisxis standartebs. damproeqteblebma
an menejerebma unda gaiTvaliswinon, rom garkveuli drois Semdeg unda moxdes
wetland saTanado funqcionireba (Gulding Principles, 2000).

weliwadis sxvadasxva dros Warbobs ama Tu im abiogenuri faqtorebis
gavlena. mravali saxis vegetaciis SesaZleblobas gansazRvravs temperaturis
faqtori. yvela cocxali organizmi mudmivad ganicdis temperaturis
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zemoqmedebas. xSirad temperatura aris ciklis Secvlis signali cxovelTa
cxovrebaSi. temperaturis faqtori didwil gavlenas axdens organizmebis
ganawilebaze wyalSi da maTi gacvliTi reaqciebis intensivobaze.

temperaturis dawevas mikroorganizmebi bevrad ukeTesad uZleben, vidre
daTbobas. vegetaciuri  ujredebis bevr saxeobas SeuZlia gauZlos erTjerad
gayinvas. ujredebis daRupvis mizezs mravali mkvlevari xedavs ujredebSi
dagrovili yinulis kristalebis gamangurebel moqmedebaSi. swrafi gayinvis
SemTxvevaSi (1-100 С), rodesac ujredebSi kristalebis nacvlad iqmneba
miniseburi yinulis masa, mkvdari ujredebis procenti mniSvnelovnad iklebs
(Joan Garcia, 2005).

wylis temperaturis rxevis amplituda gacilebiT naklebia, vidre haeris.
wyalsatevis gayinvis dros gamoyofili siTbos didi raodenoba xels uSlis
wylis qveda fenebis gacivebas. organizmis temperaturisadmi damokidebulebaze
gavlenas axdens temperaturis xasiaTi: TandaTanobiTi an moulodneli.

zamTarSi, daklebul tborebSi CaZiruli mcenareebi, rogorc wesi,
kvdebian, magram gamosazamTreblad toveben kvirtebs (turionebs). maTgan
gazafxulze Cveulebriv viTardeba ylortebi, magram, naxevrad
wyalmcenareebTan SedarebiT, odnav dagvianebiT. albaT, es imasTanac aris
dakavSirebuli, rom wyalmcire adgilebi gazafxulis pirvel dReebSi ufro
swrafad Tbeba. temperaturis dakleba 15оС qvemoT xels uwyobs naleqidan Р
gamoyvanis siCqaris Semcirebas, rac SeiZleba aixsnas destruqciis SesustebiT.
azotis gamoyvanaze aseve gavlenas axdens temperaturuli faqtori (Herman,
R,1996).

Camdinare wylebis gawmendis SesaZlebloba umaRlesi wyalmcenareebiT
dafuZnebulia TviTgawmendis bunebriv procesebze, rac intensificirebulia
mcenareTa moqmedebiT. samuSaoebs safuZvlad daedo kvlevis laboratoriuli
meTodi. kvlevis Sedegebma gamoavlines, rom saukeTeso samwmendi Tvisebebi aqvs
tbis lelqaSs, xolo yvelaze efeqturia sametapiani gawmenda Semdegi sqemiT:
lelqaSi - lerwami. aseTi kvlevebis Sedegebi farTodaa cnobili. es aris
Camdinare wylebis gawmendis magaliTi  umaRlesi wyalmcenareebis gamoyenebiT.
ra Tqma unda, TiToeul am mcenares aqvs Tavisi dadebiTi da uaryofiTi
mxareebi. magaliTad, lelqaSi xels uSlis wylis bunebriv mimoqcevas
wyalsatevSi, rac iwvevs mis daWaobebas. yvelasaTvis cnobili lemna wmindavs
wyalsatevs organikisgan, magram amasTan arRvevs misi Jangbadis balanss.
mecnierebi cdiloben moZebnon mcenare minimaluri „naklovani“ mxareebiT,
romelic maqsimalurad efeqturad gawmends Camdinar wylebs. axla mkvlevarTa
mxedvelobis areSi aRmoCnda axali obieqti - wylis sumbuli (Eichhornia crassipes).
tropikuli mcenaris am saxeobas aqvs rigi upiratesobebi adre gamoyenebul
mcenareebTan SedarebiT. pirvel rigSi, eihornia wmends wyals ufro Rrmad,
vidre sxva mcenareebi. meorec, ara mxolod ar arRvevs Jangbadis balanss,
aramed aumjobesebs kidec wyalsatevis iseT maCveneblebs, rogoricaa Jangbadis
biologiuri moxmareba da Jangbadis qimiuri moxmareba. mesame, wylis sumbulis
mwvane masis gamoyeneba SeiZleba mrewvelobasa da soflis meurneobaSi (Shrader
Frechette, K. 1994).

aSenebuli Warbteniani miwebi farTod gamoiyeneba Camdinare wylebis
dasamuSaveblad civ klimatur pirobebSi. Cndeba mcenareTa SerCevis saWiroeba
civi regionebisaTvis. sanapiro zonebSi wyalsatevis mTeli mosaxleobis
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SemadgenlobaSi wylis mcenareebi mniSvnelovan monawileobas iReben wylis
xarisxis gasaumjobeseblad da aRsadgenad. mecnierebi mcenareebs afaseben
sezonis mixedviT da irCeven civi regionebisaTvis ufro mdgrad mcenareebs.
civi klimatisadmi yvelaze adaptirebulia mcenareTa  saxeobebi - lelqaSi da
isli. es mcenareebi asufTaveben Camdinar wylebs gaxsnili organuli
nivTierebebisagan 400C drosac ki.   lelqaSsa da islSi  Seswavlil iqna
JangbadSi qimiuri moTxovnileba, gaxsnili organuli naxSirbadi da Jangva-
aRdgeniTi potenciali.

mcenareebi erTmaneTSi gansxvavdebian gaxsnili nivTierebis gamoyvaniT da
fesvTa zonaSi daJangvis mixedviT. mcenareTa samive saxeobas gamohyavs
gaxsnili organuli nivTierebebi civ pirobebSi. mSvid mdgomareobaSi, t=40°C
dros, organuli nivTierebebis gamoyvana Camdinare wylebidan ufro
intensiurad xdeba, vidre sasoflo-sameurneo sezonis dawyebisas, roca t=24°C.
sazogadoebaTa struqtura ar avlens mniSvnelovan cvlilebebs  sezonidan
sezonamde. mcenareTa calkeul saxeobaTa populacia mniSvnelovnad Zlierdeba
saarsebo garemos mixedviT. naleqis xasiaTi anaerobulidan aerobul
zedapirul fenasTan icvleba, gadadis anaerobulSi, wylis qveda fenebSi
Jangbadi iwureba, xSiri lelqaSi xels uSlis wylis cirkulaciaSi, zafxulSi
zevidan iqmneba wylis gamTbari fena, SeiniSneba Jangbadis koncentraciis Sida
safReRamiso rxeva siRrmis mixedviT. temperaturis cvlileba mniSvnelovan
gavlenas axdens mcenaris mier organuli nivTierebis gamoyvanaze.
temperaturis cvlilebasTan erTad iwyeba mikroorganizmebis adaptireba,
icvleba mcenareTa nairsaxeoba (Kadlec, 1997). mcenareTa fesvebi sezonis
ganmvlobaSi axorcieleben Jangbadis transportirebas.

zogierTi mkvlevari varaudobs, rom Jangbadis transportireba Camdinare
wylebis gawmendis mniSvnelovani komponentia (magaliTad, Cambell da Ogden,
1999). sxva mkvlevarebi uaryofen am faqts da miiCneven, rom gawmenda ar
SeiZleba iyos efeqturi sezonuri cvlilebis da temperaturis vardnis gamo.

Warbteniani miwebis mcenareebi, rogorc cnobilia, axorcieleben
Jangbadis transportirebas, raTa SeinarCunon anaerobuli sunTqva da
gamoiwvion fitotoqsikuri naerTebis daJangva (Fe2+, Mn2 +, S2-) rizosferoSi.
zogierTi mcenare Jangbadis transportirebas axorcielebs fesvebis zonaSi da
amiT xels uwyobs mikrobul aqtivobas (Reddy et al, 1989;. Bodelier 1996;. Armstrong,
1990), da es zogjer Seadgens Jangbadis  90%-s, romelic Sedis substratSi
(Reddy et al, 1989).

3. daskvna

ganxilulia dasaxebul adgilebSi sayofacxovrebo-sameurneo fekaluri
Camdinare  wylebis  bunebrivi Warbteniani ekosistemebiT teqnologiuri
gawmendis dadebiTi sazRvargareTuli gamocdileba. aRniSnulia aseTi
sistemebis gamoyenebis efeqturoba, iq,  sadac saTanado tradiciuli gamwmendi
saSualebebis mSeneblobis da eqspluataciis Rirebuleba adgilobrivi
biujetisaTvis miuwvdomelia.
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milocva

akademikosi elguja

meZmariaSvili 70
wlisaa!

elguja meZmariaSvili
pirveli qarTuli kosmosuri
obieqtis generaluri
konstruqtori (1999); mecnieri
kosmosuri teqnikis da
samxedro sainJinro dargSi,
saqarTvelos mecnierebaTa
erovnuli akademiis wevri,
akademikosi 2001 wlidan,
general-maiori (1999); teqnikis
mecnierebaTa doqtori (1994);

profesori (1995); saxelmwifo premiis laureati (1996); giorgi nikolaZis
saxelobis premiis laureati (2007); saqarTvelos, sabWoTa kavSiris,
saerTaSiriso organizaciebis saxelmwifo da sauwyebo ordenebisa da
medlebis, maT Soris vaxtang gorgaslis I xarisxis ordenis kavaleri (1999) -
daibada 1946 wels 17 agvistos qalaq baTumSi. mSoblebi: deda aleqsandra
giorgaZe mSenebeli, mama viqtor meZmariaSvili eleqtrikosi.

daamTavra baTumis №1 saSualo skola 1964 wels oqros medliT.
saqarTvelos politeqnikuri institutis warCinebis diplomiT damTavrebis
Semdeg 1969 wels amave institutSi iyo aspiranti, Semdeg docenti, profesori
da SemdegSi jer “samSeneblo konstruqciebis” da SemdgomSi mis mier
daarsebuli “samxedro-sainJinro SeiaraRebis da specialuri nagebobebis”
kaTedris gamge.

Cveni qveynisaTvis istoriuli mniSvneloba hqonda elguja meZmariaSvilis
mier 1999 wlis 23 ivliss orbitaze pirveli qarTuli kosmosuri obieqtis
gayvanas. akademikos elguja mrZmariaSvilis moRvaweobis ZiriTad miRwevad
miCneulia: pirveli qarTuli kosmosuri obieqtis Seqmna da misi orbitaze
gayvanis da programa “refleqtoris” warmatebuli realizeba Ria kosmosur
sivrceSi. kosmosuri obieqti Camoscilda orbitalur sadgurs da daiwyo
Tavisufali moZraoba dedamiwis irgvliv orbitaze. yoveli wlis 23 ivlisi
saqarTveloSi, prezidentis brZanebulebiT (#337 19. 07. 2002w.) dawesebulia
“pirveli qarTuli kosmosuri obieqtis dRed”. misi samecniero da samxedro
moRvaweobiT saqrTveloSi Seiqmna: saqarTvelos teqnikuri universitetis
samxedro-sainJinro SeiaraRebis kaTedra; saxelmwifo specialuri
sakonstruqtoro biuro; saqarTvelos kosmosur nagebobaTa instituti;
saqarTvelos SearaRebuli Zalebis samxedro-sainJinro akademia; nagebobebis da
sainJinro uzrunvelyofis instituti; saswavlo disciplina –
transformirebadi nagebobebi da sadoqtoro programa – samxedro mecnierebis
dargSi.

elguja meZmariaSvili 1999-2004 wlebSi arCeuli iyo saqarTvelos
parlamentis wevrad, sadac mas ekava samxedro mrewvelobis qvekomitetis



samecniero-teqnikuri  Jurnali ,,mSenebloba”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” #3(42), 2016
НАУЧНО-ТЕХНИЧЕСКИЙ ЖУРНАЛ «СТРОИТЕЛЬСТВО»

161

Tavmjdomaris, fraqciis Tavmjdomaris da saparlamento Tematuri
umravlesobis lideris Tanamdeboba.

elguja meZmariaSvili misi mravlmxrivi moRvaweobis oficialuri aRiarebis
garda, igi arCeulia mcxeTis sapatio moqlaqed. mas gadaeca saqarTvelos
patriarqis sapatio sigelebi – Tbilisis yovladwminda samebis sakaTedro taZris
mSeneblobaSi monawileobis miRebisaTvis da saqarTvelos mecnierebaSi Setanili
gansakuTrebuli wvlilisaTvis.

akademikos elguja meZmariaSvils saqarTveloSi da sazRvargareT
gamoqveynebuli aqvs 300-mde samecniero Sroma, romlebic moicaven monografiebs,
saxelmZRvaneloebs, samecniero statiebs da gamogonebebs, romelTa nawils
miniWebuli aqvT grifi “saidumlo” da “sruliad saidumlo”.

misi monografiebidan saetapoa gamocemuli «Трансформируемые конструкции в
космосе и на земле», TbilisSi gamocemuli “saqarTvelos samxedro-sainJinro
doqtrinis safuZvlebi” da germaniaSi ingliur enaze gamocemuli “Novel appriach to
inderect actions of military theory”. mis mier realizebul samuSaoebSi aRsaniSnavia
saqarTvelos TavdacviTi daniSnulebis da eqstremaluri pirobebisaTvis Seqmnili
mobiluri swrafad asagebi, inventaruli 48 metri sigrZis xidi.

akademikosi elguja meZmariaSvili, internet saitze «Конструкторы ракетно-
космических систем» dasaxelebulia aRiarebul 81 konstruqtors Soris. igi aris
saqarTvelos mecierebaTa akademiis samxedro mecnierebis samecniero sabWos
Tavmjdomare. arCeulia mravali akademiis wevrad. aris saerTaSiriso samecniero
konferenciebis saorganizacio komitetis da mravali samecniero Jurnalis
saredaqcio sabWos wevri. misi samecniero moRvaweoba da biografia Setanilia
msoflios umTavres bibliografiul gamocemebSi. inglisur, qarTul da

rusulenovan internet enciklopediaSi Wikipedia, aseve enciklopediaSi “Tbilisi”
(2002) da sxva mraval gamocemebSi.

batoni elguja meZmariaSvilis moRvaweobam ganapiroba saqarTveloSi
ramodenime aTeuli milioni dolaris eqvivalentis finansebis Semodineba;
aseulobiT samuSao adgilis Seqmna, unikaluri sastendo kompleqsebis ageba
borjomsa da saguramoSi, axali teqnologiebis Semotana, SekveTebi warmoebebSi,
konstruqciebis Seqmna, romelTac analogi ar gaaCniaT msoflioSi, kosmosur
programebSi saqarTvelos monawileoba, Cveni qveynis prestiJis warmoCena
saerTaSiriso arenaze da pirveli qarTuli kosmosuri obieqtis warmatebuli
gaSveba orbitaze.

didia elguja meZmariSvilis samecniero-kvleviTi samuSaoebis
Rirebuleba. mis mier SemoTavazebuli da ganxorcielebuli axali tipis
konstruqciebis Teoriul-eqsperimentaluri da zogadad Teoriul-analizuri
kvlevebis Sedegebi mniSvnelovania, rogorc dRevandeli inJiner-
mkvlevarebisaTvis, aseve momavali TaobebisaTvis.

batoni elguja meZmariaSvili cxovrebaSi gamoirCeva SromismoyvareobiT,
gansakuTrebuli TavmdablobiT, metyvelebis da qcevis maRali kulturiT,
kolegialobiT, principulobiT, keTilgonierebiT da Rrma profesionalizmiT.
aris maRali zneobis moqalaqe, meuRle, mama, babua da megobari.

vusurvebT baton elguja meZmariaSvils janmrTelobas, dRegrZelobas da
Semdeg warmatebebs Cveni qveynis sasaxelod.

stu-s samSeneblo fakulteti
samoqalaqo da samrewvelo
mSeneblobis departamenti
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SUMMARIES

J. Gigineishvili, N. Intskirveli, G. Gedevanishvii, N. Kavtaradze. MODERN WAYS TO THE
PREVENTION AND MINIMIZATION OF RISKS RELATED TO PLANNING AND DESIGN
SOLUTIONS ACTIVITY OF HISTORIC AND MONUMENTAL ARCHITECTURAL
MONUMENTS DANGEROUS AND DAMAGED BUILDINGS. Scientific-technical journal
“BUILDING” #3(42), 2016
There are a lot of different purposes monumental architectural monuments in Georgia, most of which are in
need of urgent reinforcement, restoration, rehabilitation and restoration works. In recent years also are
increased dangerous and damaged residential and public buildings. As causes of accidents are usually
named: changes in the under foundation soils caused by man-made processes, malfunctions in their
maintenance, improper operating conditions and so on. In this case, the dangerous building is considered as a
complex system, which has undergone deformation and destruction, in bearing elements are originate cracks,
often are damaged and actually degraded construction materials and other components in load bearing
structures.
In the paper is revealed ways and means of restoration and rehabilitation of historical monuments, as well as
other building technical research, based on their mode of deformation and versatile analysis by modern
materials.
D. Gurgenidze, A. Chikovani. CONCRETE MODIFIED ON GYPSUM BINDERS. Scientific-technical
journal “BUILDING” #3(42), 2016
Is obtained the gypsumcement- pozzolanic binder that has great strength and high (80...90%) water
resistance. Also is developed composite gypsum binder with Portland cement, active mineral component,
and fluidifier additives. This binder up to 1.2 ... 1.5 times is stronger than gypsumcement- pozzolanic binder
and is more water resistant.
A. Prangishvili, Z.Tsikhelashvili, N. Chkheidhe, Y. Kadaria, P. Giorgadze. Expected results from the
installation of floating structures waves mitigation coastal strip of the Black Sea. Scientific-technical
journal “BUILDING” #3(42), 2016

It is recommended the use of floating structures waves mitigation engineering hydraulic structure (related
complex), an innovative type of protection for the coastline of the Black Sea in order to ensure
environmental safety in areas where there is intensive destruction of the shoreline. The introduction of
innovations may also be marked in the projects of reconstruction and development of an open port.
L.KLIMIASHVILI, N.NEBIERIDZE. ON THE POSSIBILITY OF A SCHEMATIC DIAGRAM OF
THE MECHANICAL AND BIOLOGICAL WASTEWATER BIT OF WATER CITIES AND
SETTLEMENTS. Scientific-technical journal “BUILDING” #3(42), 2016.
Consider the possibility printsipiaalnaya scheme of mechanical and biological treatment of waste water bit of
cities and populated areas, based on the source of contamination and kontsentratsii.v complex mechanical
treatment facilities offered ispolzovanie biological treatment and secondary clarifier biofiltr together with a
disinfectant unit which harrakterizuetsya high efficiency (89%) and minimal energy consumption.
T. Kvitsiani CHANGE OF GROUND SLOPE ULTIMATE MODE OF DEFORMATION IN
MINING OPERATION PROCESS. Scientific-technical journal “BUILDING” #3(42), 2016.
In the paper is considered solution of slopes stability at mining works by the method of maximum tension,
when the slope massive contains weakened surfaces K’<K and ρ'<ρ characteristics. For the solution of tasks
is determined the conditions of necessity that in ground contact weak points simultaneously will be satisfied
conditions of routine and actually limit special equilibrium. In addition (K', ',K, , )f    functional
relationship is determined analytically. For solution of task are determined boundary conditions and are
obtained dependencies that are valid not only for the limit tension condition of tense, but also for limit
equilibrium conditions.
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R. Imedadze, L. Beridze, T. Magradze MINIMAL ENVIRONMENTAL POLLUTION GARBAGE
BURNT STATIONS. Scientific-technical journal “BUILDING” #3(42), 2016
The article contains the abroad experience for solution of this issue: in particular, is considered the principle
of such stations operation and construction. Is stated the relevance of these issues solution for our country, as
well as recommendations, also are mentioned performed in the garbage burnt stations technological
processes and their constructive peculiarities.
D. Gurgenidze, L. Kakhiani, M. Suladze Reinforced concrete frame high-rise buildings and
earthquake engineering problems in the. . Scientific-technical journal “BUILDING” #3(42), 2016
The article set out the projects and the construction of buildings in earthquake engineering problems, the
calculation methods for the improvement of research directions and tasks.
I.Kvaraia, A.Pirosmanishvili. The numerous possibilities of  using modern scaffoldings. Scientific-
technical journal “BUILDING” #3(42), 2016
The article discusses the numerous possibilites of using modern metal scaffoldings during construction,
renovation and reconstruction works. Their strength and versatility greatly simplifies the reinforcement and
installation works.
Sh. Bakanidze, L. Zambakhidze, G. Shalitauri. ON ISSUE OF WINDOWS AND DOORS BLOCK
ATTACHMENT IN BUILDINGS FAÇADE WALLS. Scientific-technical journal “BUILDING”
#3(42), 2016
Is considered the issue of windows and doors blocks attachment in buildings façade walls openings. Based
on  numerical example is justified that at determining wind loading on them beside taking into account the
location , type and height of building is necessary to check fasteners not only on shear, but also on bending.
A. Nadiradze, A. Kankava. New Generation Concretes on the Basis of Fine-Grained Powder Mixes.
Scientific-technical journal “BUILDING” #3(42), 2016
The paper dwells on the development stages of the common building ceme4nt concretes, and in accordance
with these stages, the issues of the improving the compositions of these concretes. There are posed the
problems of possibilities of producing the new generation high-performance concretes on the basis of hyper-
plasticizers and active mineral additives. There are studied the possibilities of producing the high-
performance concretes with complex organic-mineral additives, and especially the high-strength powder
concretes, as well as their technical properties.  There are investigated the strengthening and strength-
improving mechanism for these concretes, as well as kinetics of the action of powder-accelerators in road-
metal concretes.
A. Akhvlediani, A. Gogoladze, G. Akhvlediani. TYPES OF WIND ENGINES. Scientific-technical
journal “BUILDING” #3(42), 2016
The wind power plants due increasing in their dimensions and towers height in high wind potential areas,
makes their nominal capacity utilization ratio up to 24-25%, while for 2018-2020 is expected to reach 28%
of its value ranges. Modern wind power plants reach high-efficiency in optimal conditions their multi-
aggregate arrangement (with taking into account wind direction and topography of the place).
L. Avalishvili, Z. Kavlelashvili, M. Tavadze, Kh. Gorjoladze. CALCULATION OF  REINFORCED
CONCRETE FRAME STRUCTURE ON SEISMIC RESISTANCE BY TABLES. Scientific-technical
journal “BUILDING” #3(42), 2016
The paper presents a theoretical study of the seismic resistance of reinforced concrete frame by two degrees
of freedom dynamic design scheme. For computer calculation is used special engineering program "Lira".
Are received dynamic parameters - oscillation periods T1 and T2, dynamics coefficients β1 and β2 by varying
of geometric parameters of frame elements and possible really loads. Is carried out the factor analysis of key
dynamic parameter - period; are evaluated differentiated and quantitatively (percentage) the impact of acting
on period factors. The obtained in the form of tables result accelerate the calculation and simplify designer's
work, in which is reflected the practical value of this work.
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A.Khatelashvili. Network-Centric War (NWC). Scientific-technical journal “BUILDING” #3(42), 2016
Forms, ways and means for the conduction of military actions and operations are intensively developed in
the modern world along with the technological progress. Rapid development of technology caused the
necessity of joint usage of the air-space during the military operations.
T. Batsikadze, N. Murghulia, J. Nizharadze. Non-cylindrical composite membrane deformation Issue.
Scientific-technical journal “BUILDING” #3(42), 2016
In the paper is considered two layer cylindrical shell, the outer layer of which obeys to Hooke's law, and the
inner layer of material can not resist the shear deformation. Therefore deformations nave non-stationary
nature. Based on the Ostogradski-Hamilton principle is obtained the basic simultaneous equations, for
solution of that is applied finite differences numerical integration method.
I. Maspindzelishvili, I. Kadaria. DETERMINATION OF LOCATION OF POINT RELATED TO
GIVEN IN SPACE CONVEX POLYGON IF THE POINT AND POLYGON ARE LOCATED ON
ONE PLANE Scientific-technical journal “BUILDING” #3(42), 2016
Are determined conditions of location of point related to given in the space convex polygon. In particular,
what conditions would be met for point location on the polygonal area, or outside it, if point and polygon are
located on one plane. The proposed method would be used to solve practical problems in geodesy,
descriptive geometry and structural mechanics.
D. Jankarashvili, D. Tabatadze, K. Iashvili, L. Korganashvili, L. Kristesiashvili. Gamchimavi
centrifugal forces of the impact of the drive for a corner speed and intensity of the load, constant
thickness of the inner contour with Swivel drive freely based on the calculation. Scientific-technical
journal “BUILDING” #3(42), 2016
The bending of elastic ring, rigidly fixed disk in the field of centrifugal forces is reduced to solution of
having two variable coefficients differential equation. Instead these two differential equations are solved
their equivalent Voltaire type integral equation, by numerical methods, proposed by Sh. Mikeladze.
D. Bakradze, T. Amkoladze. CENTRIFUGE METHOD OF CONCRETE CURING. Scientific-
technical journal “BUILDING” #3(42), 2016
The method of concrete molding and centrifugation is used in a rational and efficient form of tubular piles,
power lines and lighting posts as well as in other structures. Centrifugal molding of pipes and and tubular
structures are performing in centrifugal machines in which a cylindrical mold with a concrete mixture rotates
with required speed.
As basic quality indicator of the new concrete casing is considered the quality of binder which is numerically
equal to the hardened concrete mixture with concrete "theoretical" density.
L. Klimiashvili, D. Gurgenidze, A. Chikovani. Concrete technical standards in accordance with
European codes. Scientific-technical journal “BUILDING” #3(42), 2016
In the article is stated a list of basic normative documents that are used in our country and European
countries for concrete quality control.
T. Papuashvili, V. Jgamaia, M. Sulamanidze. RHEOLOGICAL PROPERTIES OF RUBBER-
BITUMEN AND POLIMER BITUMEN. Scientific-technical journal “BUILDING” #3(42), 2016
In the present paper is considered a new method, due that is possible to defined bitumen-mineral mixture as a
complex binder rheological properties - in particular, the shear strength and its dependence on temperature in
the range of -36℃ up to +180℃; damping ability; temperature of softening start, yielding and hardening;
binder work capacity and its plasticity interval. The presented method is used to relative assessment of the
quality in polymer-bitumen binders: ПБВ-40, alpabit -60, alpabit -90 and rubber-bitumen binders - БИТРЭК
and SRMB. At the same time is studied the modification of mentioned materials according to their thermal
and frozen resistance, is carried out quantitative assessment.
D. Giorgobiani, V. Sokhadze. ANALYSIS OF THICK-WALLED CYLINDER CALCULATION AT
COMBINED DEFORMATION CONDITIONS. Scientific-technical journal “BUILDING” #3(42),
2016
In the paper is considered hollow circular cross-section thick-walled cylinder that is made from non-
compressive isotropic material. It withstand uniaxial tension along the cylinder axis, longitudinal shift, which
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is depend only on the distance up to the axis of cylinder, torsion, at which the torque angle is proportional to
the distance of the one surface of cylinder prior deformation. By obtained expressions is possible to carry out
analysis of thick-walled cylinders in the case of combined deformation.
M. Javakhishvili, J. Samkharadze. POSSIBILITIES TO ACHIEVE DESIRED ACOUSTICS AND
SOUND QUALITY HIGH INSULATION CAPACITY. Scientific-technical journal “BUILDING”
#3(42), 2016
In this paper is considered the negative aspects of impact of noise on human and are assesses the possibilities
to create an acoustics and sound insulation high capacity.
I. Kvaraia. Technological solution of high openings arrangement on the circuit surface of reinforced
concrete. Scientific-technical journal “BUILDING” #3(42), 2016
The article discusses technological process of  high openings arrangment  on the circuit surface of
reinforced concrete, which can be successfully used in other similar works.
T. Kvitsiani ANALYSIS OF ROCKS SLOPE STABILITY BY METHOD OF MAXIMUM TENSION.
Scientific-technical journal “BUILDING” #3(42), 2016
In the paper is considered the theory of plane problems of loose environment ultimate tension. Is applied the
stressed state of elasticity theory for arbitrary linear deformable bodies of partial differential equations of
equilibrium. Are obtained along the sliding curve for ordinary simultaneous differential equations and
algebraic finite difference simultaneous equations that gives the possibility to determine the approximate
values of the unknown, as well as areas of settling and buckling of minimum and maximum stressed state.
O.G. Khazaradze, F.G. Verulashvili, V.Sh. Turashvili. BEAMS CLOSED SECTION. Scientific-
technical journal “BUILDING” #3(42), 2016
In the work are considered the application of metal closed section composite beams. Closed, in particular,
box, cross-sections are applied at necessity of increasing the stiffness of beams in the transverse direction.
Higher load bearing ability of closed section at the work on bend in the two plane as well as at torsion.
Sh. Bakanidze, L. Zambakhidze, G. Shalitauri. STABILITY OF SLOPES COMPOUND FROM
ROCK AND HALF-ROCKS FORMATION LAYERS. Scientific-technical journal “BUILDING”
#3(42), 2016
The article analyzes issue of stability of slopes compound from Rock and half-rocks formation layers. On the
basis of numerical calculation is determined that at coincide of slope and rock layers stability of slope will
not be provided.
A. Akhvlediani, A. Gogoladze, G. Akhvlediani. APPLICATION OF AUTOREGRESSION MODEL
AND INTEGRATED SLIDING AVERAGE FOR SHORT-TERM FORECASTING OF RIVER
FLOW. Scientific-technical journal “BUILDING” #3(42), 2016
The behavior of many empirical time series is like as they did not have a fixed average value. No even at
this they are as uniform in the sense that if you do not take into account the local level, or perhaps local level
and trend, any part of the time series in its behavior in many ways is like to any other part. Models,
describing such a uniform non-stationary behavior would be obtained by assuming that some suitable
difference of the process is stationary. Let’s consider the properties of most important class of models in that
the d difference is the stationary APCC mixed process These models are called as processes of
autoregression- the integrated sliding average (АРПСС). Stochastic observation series over the average
sample flow of the river for some rivers would be attributed to such processes. Model of autoregression and
integrated slidinging average (АРПСС) was proposed by American scientists Box and Jenkins in 1976 (1) as
one of the assessment methods for unknown parameters and time series forecasting.
A.Khatelashvili. Project of Military Satellite System. Scientific-technical journal “BUILDING” #3(42),
2016
Current project of defense satellite system includes four directions: Protected, wideband, wideband
broadcasting and narrowband. The fifth direction that also contains commercial SATCOMOM system is
integrated with MILSATCOM (Defense Satellite System) services as well.
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G. Nozadze. Two pillars freely drawn from experimental research chip carvin. Scientific-technical
journal “BUILDING” #3(42), 2016
Sectional area of the composite structures for use in the construction industry is very high. They are very
important for the calculation of the load for the operation of the creep deformation. In theory, all combine
these values a component of a homogeneous element at any time and experiments to prove these calculations
justice. Saeksperimentod We made 2 meter long reinforced concrete beams tesebri carving; Ankle rib made
BB20 class, while on the shelf - BB15 class concrete. The experiment aimed to verify the accuracy of the
theoretical calculations.
T. Makharashvili, G. Khoferia. foreign experience of reconstruction of large residential areas of the
Soviet period. Scientific-technical journal “BUILDING” #3(42), 2016
this article discusses interesting examples of the architectural planning problems caused by the apartment
arrays built during 1950-1970 in the Soviet Union and its neighboring countries.
using this experience a method of reconstructing and rehabilitating similar apartment arrays in Georgia can
be created.
M. Begiashvili, N. Mumladze, T. Shubitidze. PERIMETER OF ORTHOCENTRIC TRIANGLE.
Scientific-technical journal “BUILDING” #3(42), 2016
In the article is considered property of orthocentric triangle: perimeter of inscribed in ABC acute triangle
orthocentric triangle is the smallest in comparison with perimeter of arbitrary inscribed in it triangle. The
paper presents the graphical interpretation of geometric transformations (symmetry). Transformation by axial
symmetry of ABC triangle and inscribed in it orthocentric triangle, as well as inscribed in the same acute
triangle confirms this property without proving geometric formulation. Related with orthocentric triangle
perimeter issue in the geometry is considered with theorem proving.
T. makharasashvili, G. kheladze. Tbilisi parks and recreational landscapes formation during XIX-XX
centuries (Soviet and postsoviet periods). Scientific-technical journal “BUILDING” #3(42), 2016
The arcicle covers retrospective development of parks and recreational culture in Tbilisi during XIX-XX
centuries, their differentiation and problems derived through these years. The article covers both. Soviet and
post soviet periods and retrospective analysis of the formation of Tbilisi recfeational territories.
L.Klimiashvili, N.Nebieridze. About foreign experience wastewater natural wetland ecosystems.
Scientific-technical journal “BUILDING” #3(42), 2016
We consider the positive experience of technological purification of bit-fecal wastewater populated areas to
natural wetland ecosystems. It noted the effectiveness of such systems, where local byudzhetom building and
operation of conventional treatment plants.


